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FBISTin B Y TA V LOR AHD FRANOH, 



A MONOGRAPH 




FOSSIL CORALS AND ALCYONARIA 

OP 

S I N D. 



I. Introductory Remarks on previous Works relating to tke Fossil Corals ofSind. 

In 1853 MM. d'Archiac and Jules llaime published their great work entitled 
' Description des Animaux Fossiles du groupc Nummulitique de l'lnde.' It contained, 
amongst other subjects, a very elaborate description of many species of fossil Corals 
which were derived from unknown localities in Sind. These descriptions were con- 
tributed by the late Jules Haime, a zoophytologist of great power and a most 
conscientious observer. He noticed seventeen species of Corals, most of which were 
well-known forms in the Nummulito-bearing rocks of Europe ; some, however, were 
new to science. But the situation of their original localities was masked by the state- 
ment that those fossils had been found in the Ilala mountains — that is to say, iu a 
geographical position which never had any existence. The exquisite delineations of 
the species given by MM. d'Archiac and Haime are of course of great value, but 
their monograph is of slight geological importance ; they ignored all other Tertiary 
formations in Sind except the Xummulitic 

Although the exact localities whence the fossil corals submitted to MM. d'Archiac 
and Jules Haime came are unknown, it may be taken for granted that the majority 
came from Sind and one from Cutch. 

The fossils had been collected by Captain Vicary and Mr. Ulagrove and others, 
some years previously. 

In 18G3 the author of this Monograph examined the collections in the museum of 
the Geological Society which had been submitted to the two Trench palaeontologists 
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and was surprised to find that several species had not been described ; moreover, the study 
of these forms left the impression on his mind that other Tertiary deposits besides the 
Nummulitic exist in Sind. The results of this re-examination were published in the 
' Quarterly Journal of the Geological Society,' 1SC4, vol. xx., and the new species were 
described and delineated in the ' Annals and Magazine of Natural History,* April lStil. 
The list of species was then increased to forty-two in number, and some were stated to 
be of Miocene age, and others were considered possibly to be Pliocene in date. The 
communication to the Geological Society was made at the instance of Mr. II. M. 
Jenkins, F.G.S., and it appeared in confirmation of his belief thai the Tertiuries of a 
vast area in the East, including those of Java, were Eocene and Miocene in age. 

But the greatest interest excited by the labours of MM. d'Archiac and Jules 
Haime was in relation to the increased importance of the Nummulitic coral-fauna. 
Slight as was their addition to it, they helped to remove the impression that the early 
Tertiary ages were uncoralliferous. Since the publication of their great work, the 
magnificent coral-fauna of the Eocene of Western Europe has been shown to form but 
a part of a great development of coral-life, which left its evidences especially in those 
Alpine regions whose fossils have been so ably described by the late A. E. Ileus s and 
by Catullo and D'Achiardi. The Eocene coral-fauna of the AVest-lndian islands, 
described by the author of this Monograph, added interesting forms to the fauna. 

Now that the Tertiary strata of Sind have been examined by the Geological Survey 
of India, and the corals have been carefully collected from localities whose stratigra- 
phical position has been ascertained, the older Tertiary coral-fauna is very considerably 
increased. In fact, the Nummulitic strata, divided or not into Eocene and Oligoceue, 
contain a coral-fauna as important as that of the Miocene age. 

Not only has the examination of the fossil corals lately obtained by the Geological 
Survey of India from Sind added to the numbers of the Eocene species, but it also 
indicates that there is an upper series of coralliferous strata which merits the title of 
Oligocenc. Again, other species clearly prove, what was formerly suggested was 
probably the case, that an important Miocene coral-fauna lived on the same area as 
that which had been previously occupied by the earlier Tertiary forms. 

Amongst the collection of corals from Sind, the result of the careful labour of the 
Geological Survey under Mcdlicott and W. T. Blanford and Fcdden, is a small 
series which was found on a lower geological horizon than the Nummulitic rocks. They 
required careful study, for the Cretaceous formation seems to merge into that of Lower 
Tertiary age in Sind. 

II. The Origin of the Collection about to be described. 

A very large number of specimens of the fossil Corals which had been collected in 
Sind were sent to the author of this Monograph by the kind direction of the Superin- 
tendent and Deputy-Superintendent of the Geological Survey of India. lie has made 
the Corals and Alcyonaria his careful study, and their description forms his contribu- 
tion to the Palaeontology of India. 
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III. The Stratigraphkal Belations of the Coralliferous Series in Sind. 

The Survey of the Province of Sind by Messrs. W. T. Blanford, F.R.S., and 
Mr. Fedden enabled the first-mentioned of these geologists to describe the general 
geology of the area as follows*: — 

"The greater portion of Sind, including all the richer and more populous parts of 
the province, consists of the alluvial flat of the Indus, and is a portion of the great 
Indo-Gangetic plain of Northern India. But to the west of the river, at a variable 
distance, barren rocky hills arise, in Upper Sind consisting chiefly of a great north and 
south range, known as the Khirthar, which separates Sind from the Kelat territory (or 
Baluchistan), and in Lower Sind, south of Sehwiin, of several minor ranges, having a 
general north and south direction. All these ranges, if of any height, consist chiefly of 
Nummulitic limestone ; and the ridges in Lower Sind are for the most part anticlinal 
rolls, higher beds occupying the intervening valleys. The Geology of the province is 
singularly simple, faults being rare, whilst tho disturbance of the rocks is just sufficient 
to afford good sections, without rendering the relations of the beds so complicated as to 
be difficult to trace. 

" Until recently the Geology was chiefly known from the researches of Captain 
Vicary, published no less than thirty years agof ; and these researches were limited 
to a very small province. The fossils collected by Captain Vicary and others were 
described and elaborately figured by MM. d'Archiac and HaimeJ in 18">3, the whole 
of the marine fauna being supposed to be Eocene. It was, however, subsequently 
shown by Professor Martin Duncan} and by Mr. Jenkins || that there was a 
mixture of later Tertiary forms amongst the supposed Eocene fossils, and it was 
noticed by Captain Vicary that above the marine beds were conglomerates and sand- 
stones containing fossil bones. 

"Such was, in brief, the information available when the Survey was commenced ; 
and the result of a more thorough investigation has naturaUy added much, without de- 
priving the earlier information of its value. Indeed the beautiful figures of d'Archiac 
and Haime's work have been of the greatest servico in the field, by enabling us at 
once to identify many of the fossils found. The results of the first year's work have 
been briefly described in the Records of the Geological Survey^"; but much additional 
information has since been added, the most important being the recognition of Cre- 
taceous beds at the base of the Tertiaries, and the confirmation of the view before 
announced, that a thin flow of basalt, representing the Deccan traps, underlies the 
Tertiary rocks. The beds of Sind are now classified thus in descending order : — 

♦ Proowditin* of »he Aitiatie Society of Bengal, January 1S7«. 
t Quart. Journ. GpoI. Soc. vol. iii. p. 334. 

I IVufription ties Animaux Fos»il« <lu groupe Nummulitique de l'lndc 
§ Ann. A Mag. Nat. Hint. ser. 3, vol. xiii. p. 205. 

!| Quart. Journ, Oeol. Soc. vol. rx. p. 45. % Vol. ix. p. 8. 
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Name. 

1. Alluvial, &c. 



Subdivisions. 



2. Manchhar. 



3. Gaj. 



4. Nari. 



5. Khirthar. 



C. Ranikot. 



7. Traps. 



8. Cretaceous 



Upper. 



Lower. 



Unknown. 



5000. 



Geological ago. 

Recent and post- 
Tertiary. 

Pliocene. 



3000 to 5000. 



1000 to 1500. 



Lower Pliocene or 
Upper Miocene. 
Miocene. 



f Upper. 
1 Lower. 

(Upper. 
Lower. 



4000 to C000. Lower Miocene 1 
100 to 1500. Upper Eocene or 

Oligocenc. 
500 to 3000. Eocene. 



C000 ? 
2000. 



do. 

Lower Eocene. 



40 to 90. Upper Cretaceous. 



Cardita Betm- 
moiiti beds. 

Sandstones. 

Hippuritic 
limestone. 



350 to 
700 

820 



450 



Cretaceous. 



Unfossiliferous; ap- 
parently repre- 
sentative of the 
Scvalik group. 

Fossiliferous, with 
Vertebrata. 

Highly fossiliferous ; 
no Nummulitcs. 

Unfossiliferous. 



Nummulitic lime- 
stone. 

Unfossiliferous. 

Fossiliferous ; num- 
mulitic. 

Representative of 
Deccan and Malwa 
trap. 



Base not exposed. 

"The finest sections arc exposed in the Khirthar range in Upper Sind, and from this 
range the name applied to the Nummulitic limestone, which always forms the highest 
part of the hills, has been taken. On the eastern flank of the range, the Nari, Grij, 
and Manchhar beds arc seen successively dipping towards the Indus plain, whilst west 
of the range, in Kelat, lower beds come in ; but these have hitherto only been examined 
very hurriedly in one spot, on the Gaj river, which traverses the main range by an im- 
passable gorge. Some 10,000 feet of these lower beds are exposed, no base being seen ; 
but Nummulitic and other fossils were only found in the higher beds, the lower 5000 
or G00O feet being uufossiliferous. 

" The only other place in Sind where beds inferior to the Nummulitic limestone were 
found to be exposed is in the nameless range of hills running south from Sehwiln. This 
range is sometimes spoken of as the Laki range, from the village of Laki near the nor- 
thern extremity. It appears to be part of the Ilala range of Vicary and others ; but the 
Ilala range of the old maps included the Khirthar and several other ranges, and no 
distinct chain of hills is known by any such name in the country. There is, however, 
an unimportant pass in the Laki range known as Ilala Lak (Lak = pass). Each sepa- 
rate peak of this range has its own name, no general term being applied to the whole. 
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In this Laki range, however, beneath the Xummulitic limestone, the Lower Eocene 
and Cretaceous beds just noticed are well exposed. 

" In the south-western portion of the province the well-marked breaks between the 
different subdivisions of the Tertiary series can no longer be traced. The massive 
Nummulitic limestone, so conspicuous to the northward, becomes broken up into thinner 
beds intercalated with clays and sands, and finally disappears, and the higher Tertiary 
groups all tend to pass into each other. 

"The lowest bed seen in the province, the Hippuritic Limestone, has only been 
found in one spot, and there the outcrop does not occupy much more than about half 
a mile in length. The only recognizable fossil found was a Hippurite. It is probable 
that this limestone is identical with the Cretaceous limestone, which occupies a large 
area in Persia, and which has been traced at intervals, from south-east of Karman to the 
neighbourhood of Tehran. If so, this is the first time that the formation has been 
recognized in India, except in the Himalayas. The bed consists of pale-coloured hard 
limestoue, very gritty and sandy above, purer beneath. 

" Above the limestone there is a considerable thickness of dark-coloured sandstones, 
often of a purplish tint, and frequently rather calcareous. These beds are not very fos- 
siliferous, but towards the top they contain oysters and a few bones, apparently reptilian." 

* "The highest subdivision of the Cretaceous formation consists of soft olive shales 
and sandstones, usually of fine texture. The sandstone beds arc thin, and frequently 
have the appearance of containing grains of decomposed basalt or some similar volcanic 
rock, or else fine volcanic ash. A few hard bands occur, and occasionally, but rarely, 
thin layers of dark olive or drab impure limestone. Gypsum is of common occurrence 
in the shales. 

"Palaeontology. — The olive shales are highly fossiliferous, the commonest fossil 
being Cardita lieaumonti, a peculiar, very globose species, truncated posteriorly, and 
most nearly allied to forms found in the lower and middle Cretaceous beds of Europe 
(Xeocomian and Gault). This shell is extremely abundant in one bed, about 200 to 250 
feet below the top of the Cretaceous series, but is not confined to this horizon. Nautili 
also occur, the commonest species closely resembling .V. Labechei of Messrs. d'Archiac 
and 11a i me, but differing in the position of the siphuncle. This form appears undis- 
tinguishable from N. Bouchard ianua, found in the upper Cretaceous Arialur beds of 
Pondichcrry, and at a lower Cretaceous horizon in Europe. A second Nautilus 
resembles jV. subfleuriauaian-m, another Eocene Stnd species, in form, and is also allied 
to some Cretaceous types. Several Gasteropoda occur, especially forms of Rostci 'la ri a, 
Cyprcea, Xatica, and Turritel/a, but none are very characteristic. Two forms of Odrea 
are common — one of them allied to the Tertiary 0. Flemingi and to the Cretaceous 
0. Zitteliuiut, but distinct from both. The only mollusk which certainly passes into 
the Ranikot beds is Corbula Ilarpa. Two Echinoderms have been found — one is an 
Epiaster, an almost exclusively Cretaceous genus, only one or two Tertiary species 

• From 'A Manual of the Geology of India,' by Messrs. Medheott and W. T. Blanford, P.G.S, 
vol. iii. p. 1 also Memoirs of the Geological Survey of India, vol. xvii. |)t. 1 ; Ulanford, Geology of 
Western Sind, 1&79. 
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having been found ; the other is an aberrant form of Echinolampas. Two or three 
corals complete the list of invertebrate fossils found in the olive shales. 

" In the lower part of the beds, with Cardita lieaumonti, however, some amphiccclian 
vertebra were found, which Mr. Lydckkcr has ascertained to be crocodilian. All 
amphiccclion crocodiles are Mesozoic, and the present form must be one of the latest 
known. So far as it is possible to form an opinion from very fragmentary materials, 
the vertebra: in question appear more nearly allied to the Wealden Suehomurus than 
to any other form hitherto described. It has, however, been already shown, when 
writing of the Gondwana flora, that the distribution of Heptilia in past ages was not 
the same in India as in Europe. 

" Derma Trap. — Mention has already been made of one bed of basalt intercalated 
in the sandstones above the hippuritic limestone ; a much more important band of the 
same igneous rock has been traced, resting upon the Cardita-Jieaumonti beds, through- 
out a distance of 22 miles from Ranikot to Jakhmari, about 17 miles south of Sehwtiu, 
wherever the base of the Ranikot group, the lowest Tertiary formation, is exposed. 
The thickness of this band of trap is trifling, and varies from about 40 to about 80 feet. 
Apparently in some places the whole band consists of two lava-flows similar in mineral 
character, except that the upper is somewhat ashy and contains scoriaceous fragments ; 
the higher portion of each flow is amygdaloidal, and contains nodules of quartz, 
calcedony, and calcite, and in places the nodules are surrounded by green earth, as is so 
frequently the case in the Dcccan traps. 

" Another characteristic accessory mineral, common also in the traps of the Deccan 
and Malwa, is quartz with trihedral terminations. The basaltic trap of the I^aki 
hills is apparently of subaerial origin, although it rests conformably on the marine (or 
estuarine !) Cardita-Beaumonfi beds. There is nothing in the igneous bed to indicate 
its having consolidated otherwise than in the air, and tho structure differs altogether 
from that of subaqueous volcanic tuffs. 

" The evidence that this band of basaltic rock is interstratified, and not intrusive, is 
ample; throughout the whole distance the trap is found in precisely the same position 
between the lowest beds of the Ranikot group and the highest Cretaceous strata, and 
apparently perfectly conformable to both. 

" Hanikot Group.— The name of the lowest Tertiary subdivision is derived from a 
hill-fortress of the Sind Amirs, situated in the Laki range of hills, and known as llani- 
jo-kot, or Ranikot, and also as Mohan-kot, from the Mohan Btream, which traverses the 
fortification. The Ranikot group is much more extensively developed in Sind than the 
underlying Cretaceous beds ; for although it is confined to Lower Siud, and although 
its base is only seen in the Laki range, north of Ranikot, its upper strata occupy a 
considerable tract of country, about 20 miles long from north to south, by about 12 in 
breadth, north-west of Kotri ; and another even larger exposure, about 30 miles long, 
occurs, extending from north of Jhirak (Jhirk, Jhirruk, Jerruck, or Jurruk) to Tatta. In 
the Laki range, the Ranikot beds arc seen for about 35 miles ; but the outcrop is never 
more than 2 or 3 miles broad, and one small inlier is exposed to the west of Ranikot. 

11 All the lower portion of the Ranikot group, including by far the greater portion 
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of the beds, consists of soft sandstones, shales, and clays, often richly coloured and 
variegated with brown and red tints. 

" Gypsum is of frequent occurrence ; some of the shales are highly carbonaceous ; 
and in one instance a bed of coal (or lignite) nearly 0 feet thick was found, and a 
considerable quantity of the mineral extracted. The quality was, however, poor ; and 
from the quantity of iron-pyrites present, the coal decomposed rapidly, and was liable 
to spontaneous combustion when exposed, whilst the deposit was found to be a small 
patch, not extending more than about 10(1 yards in any direction. Some of the more 
pyritous shale is used in the manufacture of alum. 

"The only fossils found in the lower portion of the Kanikot group, with the exception 
of a few fragments of bone, have been plants, some Dicotyledonous leaves, hitherto not 
identified, being the most important. All the Kanikot beds, except towards the top of 
the group, have the appearance of being of freshwater origin, and are probably fluviatile. 

A variable portion of the group, however, towards the top, consists of highly 
fossiliferous marine limestones, often light or dark brown in colour, interstratificd 
with sandstones, shales, clays, and ferruginous bands. These are the lowest beds in 
Sind containing a distinctly Tertiary marine fauna. 

"The brown limestones arc well developed around Lynyan, cast of Band Vera ami 
north-west of Kotri, and throughout the area of llanikot beds, near Jhirak and Tatta. 
In this part of the country there appears to be a complete passage upwards into the 
overlying Nummulitic limestone (Khirthur); but in the I-aki range the upper marine 
beds of the Kanikot group are poorly represented or wanting, and it is evident that 
they were removed by denudation before the deposition of the Khirthar limestone, for 
the latter is seen at Hothian Pass, resting upon their denuded edges. 

"The greatest thickness of the Kanikot group in the Laki range (where alone, as 
has already been explained, the base of the group is visible), is about 2000 feet ; but 
generally the amount is rather less, about 1 500. It must, however, be recollected that in 
this locality some of the upper marine beds are wanting; and as these marine limestones 
and their intercalated shales, sandstones, &c, are 700 or S00 feet thick, in places 
north-west of Kotri, it is evident that the original development of the group exceeded 
the 2000 feet seen in the Laki rauge. 

"Palaontology. — The following are some of the commonest or most important 
fossils of the Kanikot group. The largest collections made by the Geological Survey 
have as yet only been partially examined, and the lists of fossils given can be considered 
only preliminary, many of the commonest species being undescribed forms. 

Cephalopoda. 

Nautilus subneurkutiaMiw. | Xautilus Furbesi. 
Duluii. 



Gasteropoda. 

Ito-tullaria ajigistoma. 
I*n-»t» ichi. 

— fusoides. 
IVn'belluui distortuiu. 

— plicatum. 



Vulutajiii^Kn. 
Nalii'ii loni,'i*|>ira. 
Js'crita (Vulaten) 
Turrit.-lla aiigiilata, var. 
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Lahellibra.sthiata. 



Corbula Harpa. 
Spoodylua 



Ostrea Flemingi. 



Brachiotoda. 

Terebratula, cf. subrotunda. 



Echixodermata. 



,»p. 

llimiastcr digonus. 
Eurhodia Morri&i. 
Prcuastor, sp. 
Toxobrissus, sp. 
Conoclypeus, »p. 



Trocbocrathus Vi 
Cyclalitoi Vic*ryi. 



Echinolampa*, cf. 
Temnopleurua Vi 
Salenia, 2 sp. 
Pbvmosoma, sp. 

s. sp. (spines;. 



A.XTH0ZOA. 



FoRAMIXIFERA. 



i irregularis. 
Lermeriei. 



" In the above list the majority of forms, such as the Foraminifera, the majority of 
the Echinodcrmata and Gasteropoda, are Lower Tertiary; but still there is a very distinct 
admixture of species with Cretaceous affinities, such as the Xautili, all of which are 
connected rather with Cretaceous than with Tertiary types, the Terebratula, which 
cannot be distinguished from one of the commonest Upper Mesozoic species, and forms 
of Salenia, Cyclolites, &c. Corbula Harpa is the only form hitherto recognized that is 
also found in the Upper Cretaceous olive shales, but a variety of the same shell is also 
found in the Nari beds. 

" Khirthar Group. — Although this group, named from the great frontier range of 
hills already noticed, is, when the underlying shales and sandstones are excluded, 
inferior in total thickness to several other subdivisions of the Tertiary series in Siud, it 
comprises by far the most conspicuous rock, the massive Nummulitic limestone. Of 
this formation all the higer ranges in Sind cousist. It forms the crest of the Khirthar 
throughout, and all the higher portions of the Laki range, of the Bhit range south- 
west of Manchhar lake, and of several smaller ridges, and consists of a mass of lime- 
stone, varying in thickness from a few hundred feet in I/>\ver Sind to about 1000 or 
1200 at the Gaj river, and probably 2000 or even 3000 farther north. 

"The colour is usually pale, either white or grey, sometimes, but less frequently, 
dark grey ; the texture varies from hard, close, and homogeneous, breaking with a 
conchoidal fracture, to soft, coarse, and open. Ordinarily, the Nummulitic limestone i9 
tolerably compact, but not crystalline, and is chiefly composed of Foraminifera, especially 
Kummulites, whole or fragmentary ; corals, sea-urchins, and mollusks also abound, but 
the two latter very frequently only weather out as casts. 
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" It lias already been mentioned that in the Laki range the Xutnmulitic limestone rests 
unconformably on the Ranikot group. The Khirthar group here cannot be much more 
than 500 or 600 feet thick, and consists entirely of limestone. To the south-east, 
towards Kotri and Tatta, there iB no unconformity between the Ranikot and Khirthar 
groups; but, on the contrary, there is an almost complete passage between the two, and 
the limestone of the latter becomes much split up and intercalated with shales and 
sandy beds. To the south-west, near the Habb river, the massive limestone dies out 
altogether; and although it is well developed in the southernmost extremity of the 
Khirthar range near Karchiit, about 50 miles south of Sehwrtn, it disappears entirely 
within a distance of 25 miles, and in the ranges on the Ilabb river is entirely re- 
placed by shaly limestones, shales, and thick beds of sandstone. Some rather massive 
beds of nummulitifcrous dark-grey limestone, very different in character from the pale 
coloured Khirthar limestone, are found west of the Habb, but their precise position in 
the series is not known ; and the rocks appearing from beneath the Nari group, in the 
place of the Khirthar limestone, consist of shales and sandstones, with some calcareous 
bands abounding in Nummulites, and closely resembling, both in character and in the 
species of Foraminifera they contain, the Xummulitic shales beneath the massive lime- 
stones on the Gaj river. It is not known to what extent the typical Khirthar lime- 
stone is developed in Baluchistan ; around Kelat, to the northward, this band appears 
to be extensively exposed ; but to the westward, near Gwadar, the rocks supposed to 
represent the older Tertiary beds consist of an immense thickness of shales, shaly 
sandstones, and unfossiliferous calcareous bands, resembling the lower Khirthar of the 
Gaj and the beds of the Habb valley, and limestones with Nummulites are of 
unfrcquent and local occurrence. It is thus evident that the Khirthar limestone, 
although it is so conspicuous in most parts of Sind, and although it attains a considerable 
thickness, is not by any means universally distributed. 

"Palaontohgy. — The most characteristic fossils of the Khirthar group are A r «m;nM- 
lites and Alvcolina ; neither the genera nor, as a rule, the species are peculiar ; but the 
extraordinary abundance of individuals renders it usually easy to recognize even small 
fragments of the rock by the organisms preserved in it The following is a list of the 
commonest or most important fossils : — 

GAfiTEBOroDA. 
Omlum Murchiaoni, and other Bpecies. Nerito 



Cerithium, r/. | 

Lamellibranchiata. 



Fholadomva Halacnsis. 
Cmrdita rautabilia. 



Antarte njrderabadonaii. 



Halaensia. 

Vulsella leguroen. 

Ostrea veeicularia, tw:(0. globosa. Sow .). 
EcniNODERMATA. 



Bri&sopiU scutiformis. Schiawter, op. 

1 
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Fibulnris, sp. 

Auiblypygus, up. 
ConoclvpeuB pulvinatus. 



Eurhodia Calderi. 
Ecbiuolampoei discoideui. 
Sindensis. 



FoRAMixin:n.\. 



OrbitolitoB pedunculate. 




Putcllma Cook!! 
Alveolina ovoidea. 
gpha-ruidi*. 



B«-«umunti. 

Vicarvi. 



granulosa. 

Ijeymeriei. 



Biaritzoniiia. 




" Many of the species named, and the Foraminifera especially, are characteristically 
Eocene; and there can he no question that the Nummulitic limestone of India is a 
continuation of the same formation in Europe. Several species pass from the Ranikot 
beds into the Khirthar group ; indeed the principal palreontological differences between 
the two may be due to a change in conditions, the Khirthar being apparently a deeper 
water deposit than the Ranikot group. 

"Nari Group. — The series of Tertiary rocks above the Khirthar Nummulitic lime- 
Btone is superbly developed and very well seen in the hills ou the frontier of Upper Sind, 
the culminating ridge of which is known as the Khirthar. The nameB of the Tertiary 
groups overlying the Nummulitic formation have consequently been derived from place$ 
in this range ; and the Nari group takes its title from a stream which traverses the 
lower portions of the range, composed almost entirely of Nari beds, for a considerable 
distance, and issues from the hills nearly west of Johi, and west by north of Sehwun. 
The present subdivision comprises, at the base, the uppermost bands of limestone 
containing Nummulites — the species, however {X. Gara)uten.ris and X sitbtcevigata), 
being distinct from those so commonly found in the Khirthar subdivision, and the 
limestone itself being usually distinguished from that of the Khirthar group by its 
yellowish-brown colour, and by being in comparatively thin bands, interstratificd 
with shales and sandstones. Several other fossils, too, besides the Nummulites, differ 
from those in the Khirthar beds. Not unfrequently, however, there is an apparent 
passage from the white or greyish-white Khirthar limestone into the yellow or brown 
Nari rock, and the two groups appear always to be perfectly conformable ; but no 
intermixture of the characteristic species of Nummulites has been detected, and 
the division between the Khirthar and Nari beds can always be recognized by the 
fossil evidence. In some places the lower Nari beds consist almost entirely of 
brown and yellow limestone ; but more frequently the limestone bands are subordinate, 
dark shales and brown, rather thinly-bedded, sandstone forming the mass of the rocks. 
The limestone bands aro often confined to the base of the group, and always diminish 
in abundance and thickness above, although they are occasionally found as much as 
1500 feet above the top of Khirthar. The shales and fine sandstones, with occasional 
bands of limestone, constitute the lower Nari beds, and pass gradually into the coarser, 
massive, thick-bedded sandstones forming the greater portion of the group, and attaining 
a thickness of 4000 or 0000 feet on the flanks of the Khirthar range. With the 
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sandstones, a few bands of clay, Bhale, or ironstone are interst ratified, and bands of 
conglomerate occasionally occur. The Nari beds in their typical form extend through- 
out the eastern flank of the Khirthar range, and occupy a belt of varying width, from 
one or two to as much as 10 miles in breadth, between the underlying Khirthar and 
the overlying Giij beds. On the western side of the Bhagotoro hills, 4 or 5 miles south 
of Sehwan, there is a break in the Nari beds, and some variegated shales, clays, and 
sandstones, richly tinted in parts with brown and red, and representing the massive 
sandstones of the upper Nari group, rest unconformably on the denuded edges of the 
lower Nari brown limestones and shales. The break is evidently local. To the east of 
the Laki range the Nari beds are entirely wanting, and it appears very possible that 
they have never been deposited in this portion of the Indus valley. 

" From the neighbourhood of Sehwan to Jhirak, Manchhar beds rest, with more or 
less unconformity, on the Khirthar, a very faint and imperfect representative of the 
Gaj group occasionally intervening. But west of the Laki range, throughout Ix>wer 
Sind, the Nari beds are found exposed almost wherever the base of the Gaj group is 
seen ; they increase in thickness to the westward, and the Habb valley, from the spot 
where the river first forms the boundary of British territory to the sea, consists entirely 
of these strata. There is, however, in this part of the country no longer any such 
marked distinction between the subdivisions of the Tertiary series as is found in the 
Khirthar range. The disappearance of the Khirthar limestone has already been 
mentioned, and with it the lower Nari limestones with Nummulitea Garanaciiaia and 
N. aublcevigata also disappear, so that it is no longer possible to draw a distinct line 
between the two groups, for the shaly bedB at the base of the Naris are undistinguish- 
ablc from similar rocks in the Khirthar. The calcareous shales, with the characteristic 
Khirthar Nummulites, below, and the massive Nari sandstones above, are still recog- 
nizable, and the two groups can consequently still be traced, although the dividing line 
between them is obscured. Beds of brown limestone, too, full of Orbitoidea papyrocea 
(or 0. Fortiai), a fossil closely resembling a Nummulitc, and associated in abundance 
with N. Garanaenaia in the typical lower Nari limestones, occur in the Nari beds 
of the Iiabb valley ; but instead of being found at the base, they appear in the middle 
of the group. Again, just as at the base of the Nari beds, there is a difficulty in 
distinguishing them from the Khirthar, so the beds at the top of the former group 
can only be separated by an arbitrary line from the overlying Gaj beds. 

" In the Khirthar range the upper boundary of the Nari group, although there is 
no unconformity, is distinct and definite, limestones with marine fossils of the Gaj 
group resting immediately upon the upper Nari sandstones. But in Southern Sind 
bands of limestones, or calcareous sandstones, with marine fossils, some of which are 
well-marked Gaj species, occur in the upper part of the Nari group, whilst limestone 
bands with the Nari Orbitoidea papyracea are found in the Gaj. 

" Palaontology. — The sandstones, which form so large a portion of the Nari group, 
have hitherto proved destitute of animal remains, and in the typical area in Upper Sind 
no beds with marine fossils are intercalated in the upper portion of the group ; but the 
occasional interstratifications of shales and clays often contain fragments of plants, and 
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some ill-marked impressions, probably due to fucoids, have been found in the sandstones 
themselves. There appears a probability that these sandstones may be of fluviatile and 
not of marine origin. 

" In the limestones towards the base of the Nari group many marine fossils have 
been obtained, the following being some of the more important :— 

Gasteropoda. 

Natica sigaretina. 
Siliquaria Granti. 
Solarium aflino. 
Trochu* cumuiana. 

, Owetii. 



Terebellum ( 
Cyprroi i 
Volnta jugo«a. 
— — dtmtsta. 
Triton Paridsoni. 
Katies pa tub. 

Corbula Ifarpa. 
Pecte.n Uhadyei. 
Veu. 



Lamellibraxciiiata. 



ECHIXODERMATA. 



ikhizaatvr Beluchiatanenaia. 
Eupatagus rostra tug. 

Trochocvathua Burneai. 



Nutn 



AXTIIOZOA. 



FoRAMLVIFERA. 



Clrpraster profundus. 
CVIopKiuru* Fortwai. 
Cidari. VerneuillL 



Montlivaltia Vignei. 



Orbitoidea papyracoa. 



" Although some species pass from the Khirthar and even from the Ranikot group 
into the Nari beds, the fauna is chiefly distinct, and marks a higher horizon. The 
most marked change is, perhaps, in the Foraminifera, because they are so abundant 
and characteristic— whole beds of limestone towards the base of the Nari group being 
entirely made up of JS'ummulites Garansensis, N. sublwcigata, and Orbitoides papyracea, 
the last-named frequently of large size, some specimens being two or three inches 
in diameter ; yet every species is distinct from those occurring in the Khirthar group. 
One of these species of Nummulites, N. Garansensis, is of importance, because it occurs 
in Europe, as in Sind, in the highest strata characterized by the abundance of the 
genus, those beds being at the base of the Miocene. Nummulites sublavigata is 
peculiar, so far as is known, to India 

" Several of the Mollusca and Echinodermata of the Nari beds also, such as Siliquaria 
Granti, Solarium affine, Venus granosa, and Clypcaster profundus, show distinctly 
Miocene affinities, and some of these pass up into the Gaj group. But at the same 
time there are so many Eocene forms present, such as Xatica patula, N, sigaretina, 
Ostrea flnhellula, Voluta jugosa, &c, that it is somewhat difficult to decide to which 
subdivision the Nari beds should be assigned. They may, perhaps, occupy an inter- 
mediate position, similar to that of the Oligoccne of continental geologists. 
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"Gdj Group. — Upon the Nari group, almost throughout Sind, there is found resting 
a mass of highly fossilifcrous limestones and calcareous beds, usually more or less shaly, 
always distinctly stratified, and easily distinguished from the limestones of the older 
Tertiary formations by the absence of Nummulitcs. A superb section of the strata 
forming this group is exposed on the banks of the Gaj river, the only stream which 
cuts its way through the Khirthar range, and in the neighbourhood of which, west of 
the range, the fine section of Lower Tertiary and Cretaceous beds, already noticed, is 
exposed. From this river the present group derives its name. 

" On the eastern flanks of the Khirthar range, in Upper Sind, the Gaj group forms 
a conspicuous ridge, the hard dark-brown limestone bands near the base of the forma- 
tion resisting the action of denudation] far more than the soft sandstones of the Nari 
beds, and rising every here and there into peaks of 1000 and 1500 feet, or even more, 
escarped to the westward, and sloping to the east, Amru (the highest summit of the 
Gaj ridge) being 2700 feet above the sea. Still the limestone bands, although so 
conspicuous, are subordinate, the greater part of the group consisting of sandy shales, 
clays with gypsum, and, towards the base, sandstones. Many of the bands of lime- 
stones appear very constant in position, and may be traced for a long distance. As a 
rule, they are dark brown in colour ; but one bed is white, and abounds in corals and 
small Foraminifera (Orbitoides), whilst some of the darker bands contain Kchinoder- 
mata in large quantities. The uppermost portion of the group is usually argillaceous, 
being chiefly composed of red and olive clays with white gypsum ; and these beds pass 
gradually into precisely similar strata belonging to the overlying Manchhar group. 
The passage-beds contain, amongst other fossils, Turritella angulata and forms of 
Ostrea and Placuna, and the following : — 

Corbula trigonali«. Tellinn »ubdon«ciali». 

Luciiia (Diplodonta) inoerta. Area Larkanensis. 

"All of these have allies living in estuaries at the present day, Area granoaa, a 
recent representative of A. Larkanensis, being one of the commonest and most typical 
of Indian estuarinc Mollusca. To these cstuarinc passage-beds further reference will 
be made presently, when the relations of the Manchhar to the Gdj beds are discussed. 
The Gaj beds at the Gaj river are very nearly 1500 feet thick ; but they appear to be 
less developed to the northward in the Khirthar range, and not to be much more than 
half the thickness named west of Larkana, where, however, they arc nearly vertical, 
and have probably suffered from pressure. In Lower Sind the Gaj group, liko the 
Nari, disappears to the eastward of the Laki range, where it is either entirely wanting 
or else represented by a thin band, containing one of the characteristic fossils, Ostrea 
multicostata, at the base of the Manchhar group. There is, however, a very large area 
of Gaj beds north and north-east of Karachi ; and the appearance of the formation there 
is somewhat different from what it is in the Khirthar range ; for the greater portion 
of the group consists of pale-coloured limestones, almost horizontal, or dipping at very 
low angles, and to the east of the Ilabb valley forming plateaux 100 or 500 feet high, 
bounded by steep scarps, which rise from the low ground of the soft Nari sandstones. 
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A low range of hills, formed of Gaj beds, extends to the south-west, past the hot springs 
at Magar or Mangah Pir, to the end of the promontory known as Cape Monze, west of 
Karachi ; and the same beds form the low hills east and north-east of the town, and 
furnish the materials of which the houses in Karachi are mostly built. A small island 
called Churna, in the sea west of Cape Monze, also consists of Gaj rocks. To the 
northward, the Giij area of Lower Sind extends with very irregular outline to the 
neighbourhood of Tong and Karchat, almost due west of Hala ; and there are several 
outliers farther north, connecting the southern portion of the group with the typical 
outcrop in the Khirthar range. East of Karachi, also, Gaj beds extend in the direc- 
tion of Tatta until they disappear with the other Tertiary rocks beneath the alluvium 
of the Indus. As was shown in a previous Chapter, the Gaj group of Sind appears 
to be represented in Cutch by a highly fossiliferous belt, containing most of the typical 
mollusca, echinoderms, &c. It is quite possible that the present group, as well as the 
Nari, never was deposited in the neighbourhood of Kotri and Jhirak. 

" It has been already stated that the Giij beds, throughout the greater portion of 
the Khirthar range, rest conformably upon the Nari group, although there is a change 
in mineral character, and that, in Lower Sind, the passage from one gToup into the 
other is gradual, calcareous bands, with Gaj fossils (such as Ostren multicostata and 
Pecteu subcorneus), being found interstratified with the uppermost Nari sandstones. At 
one place, however, near Tandra Kahim Khan, west by north of Sehwan, the outcrop 
of the Gaj beds, here dipping at a high angle to the westward, runs nearly in a straight 
line across the mouth of a valley, composed of a deep synclinal of the Nari group, 
between two anticlinal ridges of Khirthar limestone. As the Gaj beds do not share 
the synclinal curve of the Naris, it is difficult to see how the two can be conformable ; 
but an examination of the boundary between the two groups failed to show any clear 
evidence of unconformity. There are, however, some places south of Sehwan where the 
Gaj group overlaps the Nari beds and rests upon the Khirthar limestones ; but it must 
be recollected that the Gaj group is itself overlapped by Manchhar beds in the imme- 
diate neighbourhood. The commonest and most characteristic fossils of this group arc 
Ostrea multicostata and Breynia carinata. There cannot be any question that the Gaj 
fauna is newer than Eocene : some of the species are recent (for instance, Dosinia pseu- 
doargus is identical with the recent I), exasperata, Chemn.) ; and it is probable that 
many others, when they are compared with recent forms more carefully than has 
hitherto been done, will prove to be the same as living species. Several genera, too, 
as Maretia, Breynia, Meoma, Echinodiscus, Cladorora, and Echinopora, are rare or un- 
known in the older Tertiaries ; and there is almost a complete disappearance of Eocene 
forms, very few species being common to the Nari beds even. The chief doubt is 
whether the Gaj should not be considered as Upper Miocene. The only mammal yet 
obtained from the Gaj beds is Bhinoceros Simlensis, a species found also in the Siwaliks." 

IV. The Classification followed and the Works consulted. 
The classification followed in this Monograph of the fossil Corals of Sind is 
principally in accordance with that of MM. Milne-Edwards and Jules Haiine, and 
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contained in their ' Histoire Xaturelle des Coralliaires.' Some modifications have been 
used, which have been the result of the experience of zoophytologists since that book 
was published ; but the attempt has been made to restrict, rather than multiply, genera. 
The other works which have been constantly used in the preparation of this Monograph 
are: — those volumes of the Pakeontographical Society which relate to Mesozoic and 
Tertiary British Corals; the works of Fromcntcl on French Zoophytology, and the 
descriptions of Catullo; and D'Achiardi's works on the fossil Corals of the 
Nummulitic strata of the Venetian' Alps ('Studio comparative fra i Coralli dei Terreni 
Tcrziari del Piemonte e dell' Alpi venete,' Pisa, 1868). 

Especial thanks are due to the late A. E. Rcuss, whose clear descriptions and 
beautiful engravings facilitate the labour of every student of fossil corals. His works 
which relate to the present subject are : — ' Die fossilen Foraminiferen, Bryozocn, und 
Anthozoen von Oberburg in Steiermark,' from the ' Denkschriften der kaiserlichen 
Akademie der Wissenschaften in Wien,' 18G4 ; also, from the same source, "Falaon- 
tologische Studien iiber die iilteren Tertiiirschichten der Alpen : — 1. Die fossilen Antho- 
zoen der Schichten von Castelgomberto, 1808 ; 2. Die fossilen Anthozoen und Bryozocn 
der Schichtengruppc von Crosara, 1809; 3. Die fossilen Anthozoen von S. Giovanni 
Darione und von Ronca, 1874." My jmprr on the fossil Corals of the older Tertiaries 
of the West Indies, contained in the ' Quarterly Journal of the Geological Society ' 
(1873, vol. xxix.), and, finally, D'Achiardi's admirable work ' Coralli coccnici del 
Friuli' (Pisa, 1875) have been of much service. 

V. The Characteristic Growth of the Sitid Corals and their Jiange in Time. 

The condition of the specimens collected by the Geological Survey of India from 
the strata in Sind is good, and, as a rule, the external characters of the species were 
readily investigated ; but a few sections were required ; and all doubtful specimens, or 
those which did not fairly indicate structure, were neglected. 

The predominance of pedunculated forms with a well-developed epitheca is very 
remarkable in the whole of the scries. The younger forms were very constantly pre- 
served fixed to a nummulite, and the older were crammed witli these Foraminifera in 
the Ranikot and Khirthar specimens. 

The Corals grew in a shallow sea, crowded with Xummulitcs, in the ages during the 
accumulation of the sediments of theso two series. In the Cretaceous age, when the 
olive sandstones beneath the Trap accumulated, there were no Nummulites, but a 
shallow sea prevailed. The Cretaceous Corals appear to have lived under circum- 
stances preventing the formation of a continuous coral limestone. 

There arc many Corals which may have belonged to the top of the Khirthar or to 
the bottom of the Xari series ; and in the Xari beds the Oligocene coral-fauna prevailed. 

But in the Gaj series, although pedunculate Corals prevail, others occur which 
were massive during life, and the assemblage was more reef-like than the others in its 
generic peculiarities. 

The Corals form five very natural faunas, and that of each geological series is 
separable from the others, community of species being exceptional : the Cretaceous, 
Nummulitic, Upper Nummulitic, Oligocene, and Miocene series arc represented. 
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VI. Description of the Fossil Corals from the Strata below the Trap in Sind. 

The Cretaceous Series. 
List of Species described. 
From the strata below the Trap and containing Cardita Beaumonti. 

ActiM KADREPORARIA. 

Group MADREPORAHLA APOKOSA. 

Family TURBrSOlW.E. 

Subfamily CABTOPIttLLI ACEJS. 

Genu* Cabtofhtm.ia (as limited by Stokes, Zool. Joun). vol. iii. p. 481, 1&2S). 

Caryophyllia compresaa, Duncan. 

indu*, Duncan. 

F* 



Subfamily ThOCIIOCYATIIACE.S. 

Genu* TbochoCTatHI's, M. Edward* if J. llaime, HUt. Xat. de* Corall. vol. ii. p. 2fl. 
Trochocynthus Lakii, Duncan. 

Subfamily Tcrbixoliacijb. 
Genu* SirrLCWHOCinjg, 31. Edward* d- J. Haime, tarn. rit. p. 70 (amended). 
Smilotrocbus Jaklimari, Duncan. 



OCUTJSIDJE. 

STYLOFnOBIH.«. 

Genu* Sttiofuoba. 

Stylophora, species. 

Family ASTR&IDAS. 
Subfamily Litiiophtlliicb s cesruoex. 

, M. Edward* d- J. Uaim*, torn. at. p. 343. 



Group MADREFORARIA PERFOKATA. 
Family PORITIDjE. 
Genu* LlTJIABXA, M. Edward, if J. ffaime, op. eit. tel. iii. p. 187. 
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The fossil Corals collected by Mr. Fedden, F.G.S., of the Geological Survey of 
India, from beds beneath the Trap underlying the Nummulitic series of Sind, were 
obtained from Jakhmari, in the Laki range, south-west of Amri, and from liarki nala, 
north of Ranikot, in the Laki range. Their general position has been noticed in a 
former page, and they are found in the Olive sandstones and in a more recent geological 
horizon than that of the Hippurite limestone. . The fossils arc usually well preserved, 
are calcareous, and their surfaces are of a light-brown tint. Usually dark calcite has 
replaced the hard parts of the corals deeply. 

The fossil Corals belong to the Madreporaria aporosa and to the Madreporaria 
perforata — the first group being represented by the genera Caryophyllia, Trochocyathus, 
Smilotrorhus, and Ithabdophyllia, and the last by the genus Lithara>a. 

None of the forms of Corals described by MM. d'Archiac and Haimc in their 
classical work are found in the Cretaceous series. 

Section MADREPORARIA. 

Group MADREPORARIA APOROSA, Milne- Edward tf J«/«r Halme. 
Famify TURBIXOLTD.*:. 
Suhfomily CARYOPin'LUACEJ!. 
Genus CARYOPHYLLIA, Stokes (limited). 

1. Caryophyllia comprkssa, Duncan. Plate I, Figs. 1-4. 

The corallum is compressed from side to side, slightly bent in the plane of the 
minor axis, adherent to a foreign body by a small oval base. The calice is elliptical 
in outline and rather pointed at the extremities. The costcc arc distinct from the 
base upwards, alternately large and small, becoming more subequal at the calice, blunt, 
rather largely granular and rather close ; those at the extremity of the calice are the 
largest. The calice is shallow ; the columella is large ; the septa are alternately long, 
stout, sharply granulated at the sides, and small, the smallest being much thinner 
than the corresponding costee. There are four cycles of septa, complete in six systems ; 
and there arc short pali before the tertiary septa. 

Height of corallum Vb inch. 

Length of calice -£ a inch ; breadth of calice ^ inch. 

Locality. Jakhmari, Laki range, west of Amri. Survey-number G 

Illustrations of the Species in Plate L 

Fig. 1. Side view of the corallum. 

2. View of part of a calice : magnified. 

3. The base : natural size. 

4. Costa: near the calice : maguified. 

2. Caryopiiyllia Indica, Duncan. Plate I, Figs. 5-7. 

The corallum is conical, truncate, and nearly straight. The calice is circular in 

D 
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outline, widely open, and the fossa is shallow. The base is small, circular, and blunt. 
There are four cycles of septa in six (systems, and there is not much difference iu the 
size of the first and second orders, which are the longest and largest ; the tertiaries are 
smaller and not so long, and the highest orders are linear and short ; they arc all linear 
within, granular, not exsert, and correspond to costa? larger than their bases, especially as 
regards the higher orders. Fali exist before the tertiary septa; they are distant from the 
septa, and small. The columella is small, and its tissue wry lax and wide apart. The 
costae are subequal, distinct to the base, granular at the edge and sides, the epitheca 
being rudimentary there. Near the base the costa; of the higher orders are the smallest. 

Height of the corallum t* 0 - inch. 

Breadth of calioe jfa inch. 

Locality. Barkinala, north of Ranikot, Laki range. Survey-number G ff§ and 
G W- 

Illustrations of the Species in Plate I. 

Fig. 5. A side view of the corallum. 

6. The calice : magnified. 

7. The costa;: magnified. 

There is a variety with small moniliform costa- near the base. 

Locality. Barki uala, north of Ranikot, Laki range. Survey-number G Aft 4 . 

3. Cabtoimivi.ua Fkddexi, Duncan. Plate I, Figs. 8-10. 

The corallum is tall, slender, not quite straight, marked with growth-rings, and the 
calice is circular in outline. The base has a small scar. The costa; are alternately large 
and small below, less unequal above, wavy, distinct, multigranular above, and some are 
small and moniliform near the base. The calice is small, and the columella exces- 
sively so. The pali are small and few in number, and arc before the third septa 
when the system is complete. The septa are unequal, the primaries large, and the 
higher orders much smaller than their costa?. The septa are long and distant, and 
there are four incomplete cycles of them. 

Height of the corallum fa mcu - 

Breadth of calice ^ inch. 

Locality. Jakhmaii and Barki nolo. Survey-numbers G ?f«, G f§§, G Aft*. 

Illustrations of the Species in Plate I. 
Fig. 8. A side view of the corallum. 
9. Costa;, magnified, from below. 
10. Portion of the calice: magnified. 

Sutjamil}, TllOCHOCYATHA CEM. 

Genus TROCHOC Y ATH US, M. Ed. £ llaime. 

1. Teochocyathcs Lakh, Duncan. Plate 1, Figs. 11-13. 

The corallum is short, turbinate, with a circular calice, and a small scar of former 
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attachment at the base. The septa are in four cycles, incompletely developed, an order 
being missing in one or two half-systems ; they are slightly exscrt, granular, and not 
very close ; those of the first and second cycles arc equal and are the longest. The 
pali are small, unilobed and arc before the first, second, and third septa. The colu- 
mella is small. The costa: are large, strong, projecting, multigranular, alternately large 
and very small ; but there are exceptions. The smaller costa? are largely and roundly 
granulated, in single scries, and some exist from the base, and the others come in far up. 

Height of the corallum ^ inch. 

Breudth of calice -fa inch. 

Locality. Jakhmari, Laki range, south-west of Amri. Survey-number G \ 
Illustrations of the Sj>ecies in Plate L 
Fig. 11. The coral: natural size. 

12. The calice : magnified. 

13. A part of the calice: magnified, and more or less as a diagram. 

S«>.famihj Tl'HBINOLTA CE.E. 

Genus SMILOTROCHUS. 
Smilotrochiw. M. B.I. 4 J. Bmmt, But. Jfe ,U* Coratt. wL ii. 
This genus, as noticed in Brit. Foss. Corals, Palieont. Soc. 1869, p. 19, by P. M. 
Duncan, is the simplest type of coral, there being only wall, costs, and septa present. 
A non-generic attribute was admitted in the diagnosis by MM. Milne-Edwards and 
Jules Haime, namely, that the corallum had no trace of former adhesion. This is 
now omitted, for several corals from Sind have clearly Smilotrochoid peculiarities, but 
also present traces of former adhesion to foreign bodies. I have shown, in the descrip- 
tion of the Madreporaria dredged up in the expedition of II.M.S. ' Porcupine ' (Trans. 
Zool. Soc. Lond. vol. viii. p. 309), that in the genus Caryophyllia broad surfaces of 
adhesion, smaller pedunculate scars, and perfectly free bases are consistent with specific 
identity. Hence the former state of adhesion or not has no generic value; for an 
adherent coral may become non-adherent with age, and may lose every trace of its 
former state. 

1. Smilotrochxs Jakhmari, Duncan. Plate I, Figs. 14-17. 

The corallum is tall and conical, with a circular, widely open calice, and a 
small base adhering to a shell ; it is also slightly curved or nearly straight, and is 
marked with lines of growth. The septa are in four cycles in six systems, and are very 
Blightly exsert ; those of the higher orders are less prominent and smaller than the 
others, and all are minutely granular, even on the free margin. The costa? are well 
developed, narrow, alternately large and small ; and these last are minute in some places, 
and have a single row of distinct granulations on them ; the others, much larger, are 
granular and wavy. 

Height of the corallum -f s inch. 

Breadth of calice *^ inch. 

Locality. Jakhmari, Laki range, south-west of Amri. Survey-number G 

1)2 
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Illustrations of the Species in Plate L 

Fig. 14. The corallum : natural size. 
15. Costs : magnified. 



A second specimen has the corallum straight. 
Height of the corallum inch. 
Breadth of the calicc i* 0 inch. 

Locality. Barki nala, north of Ranikot, I-aki range. Survey-number G ^ J. 



2. SiiiLOTROcnis Blanfobdi, Ituncan. Plate I, Figs. 18-21. 

The corallum is tall, wedge-shaped, greatly compressed, presents a very small 
oval scar of former adhesion at the base, and is more or less bent ; it has a long, narrow, 
shallow calice, which is horizontal, the margins being wavy, and the rounded sides of 
the corallum form an angle at the base of from 30 3 to 45". Marked with growth-rings, 
which often resemble a linear epitheca ; the outside has very numerous small costa?, 
which project but little, are narrow, alternately large and small, and one in every four 
is the largest. An indistinct broad, flat granulation exists on them. The central fossa 
of the long, elliptical calice is linear and deep. The septa are about 2U0 in number, 
and in large caliccs they are arranged as multitudes of little systems of fours and twos ; 
they are short, unequal, straight, sometimes exsert, but not invariably, and those- nearest 
the centre have a small swelling at their inner end. 

Near the base, in large specimens, transverse sections show that some of the large 
septal ends unite side by side to form a false columella with an axial space ; higher 
up this does not take place. There are no dissepiments. 

Height of the corallum to inch. 

length of the calice about 1 inch ; breadth of the calicc not quite inch. 
Locality. Cardita-Beaumonti beds, Biirah, Laki range. Survey-number G 
The specimens are crowded together in a fine sandy matrix of a light brown tint, 
reddish on wetting, and are in a perfect condition. There are evidently no pali, endc- 
thecal structures, or true columella; and the genus is therefore Snulotrochus. In shape 
it recalls Trochocyathus Van den J/eciei, lid. & H., when it is not bilobed ; and it has 
no affinities with any European Cretaceous form, being very Eocene in its facics. 



Illustrations of the Species in Plate I. 

Fig. 18. Side view of the corallum: natural size. 

11). The calice : natural size. 

20. Costae: magnified. 

21. Part of the calicc : magnified. 
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A young coral of the genus Smi lot rock us, probably belonging to this species, is 
amongst the collection. 

Fig. 22. Side view of young corallum. 

23. The costie, magnified, showing alternate large and small costa;. 

This genus received many new species during the description of the Lower Creta- 
ceous Corals of England by myself, and they rather abound in the Upper Grcensand 
and Gault ; but the shape of the coral and the details of the costa? would distinguish 
the Indian forms. 

MM. Milne-Edwards and Haime describe and figure a species from the Upper 
Greensand horizon of Farringdon, called Smiiotrorkus Austeui, which has greater affi- 
nities than any other with the Indian forms ; and they state that Smilotrockus Ilayenowi, 
which they neither describe nor delineate, only differs from Smilotrochus Austeni by its 
less numerous and subflexuous costie. It is from the Macstricht Chalk. 

Family OCULIXIDM 

TmHiititn-QroHp STFLOPnORIX^. 

Genus STYLOPIIORA. 

Stylophore, U. Ed. * J. Uaimt, Hit. Sat. J<* Carall. to!, ii. p. 133. 

1. Sttlophora species. Plate III, Fig. 15. 

A portion of a terminal branch of a Stylophora, with numerous calices, some close, 
and others separated by a small amount of cumenchynin, which is plain. The costa; are 
slightly prominent ; the septa, twelve in number, are small, six beiug the largest, and 
the columella is small. It is quite possible that it may be one of the Sti/luphora' 
contorta, Leymerie, group, which is elsewhere found in the Nummulitic series. 

The genus is largely represented in the Tertiary and Recent formations of Europe 
and of the West Indies. 

The specimen is on the same block as Smilotrochus lilanfordi. 

From Barah, Laki range. 

Family ASTB^EIDjE. 
Sul.family LITIIOPUYLUACEM C&$P1T0S<£. 
Genus RHABDOPUYLLIA. 

Kh«ixlo|)hylli», M. Rl. .j- J. Haime, Hist. Xat. (Its Corall. vol. ii. p. 3 12. 

The corallum is in the form of a branching bush. The corallites are long and sub- 
cylindrical ; their walls are naked, and present along their whole length distinct granular 
costa?. The contour of the calices is irregular ; the columella is spongy and well deve- 
loped ; the septa are short, and the endotheca is scanty. 

This diagnosis embraces many species of the Triassic, Jurassic, Cretaceous, and 
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Eocene ages; and four fragments of a corallum,or of similar coralla, were found in the 
Laki range. 

1. Rhabdopitylija Babkii, Duncan. Plate I, Figs. 24-28. 

The corallitcs are short, compressed, often bent, and marked transversely by con- 
tractions and enlargements ; and the costic arc wide apart, narrow, projecting, granular, 
and long. The intercostal spaces are wide, minutely granular, and often contain a small 
costa. The wall is thin, and the calice is longer than broad or irregularly shaped. The 
septa are long and slender, and the higher orders arc very small. Each costa at the cali- 
cular margin corresponds with a septum ; and the smallest septa arise from an intercostal 
space or from a new and rudimentary costa. The full number of septa is 48 ; but the 
third cycle is not always completed. 

The columella occupies some space, and is made up of lax and distant trabecular 
connected with the ends of the septa. The septa are not over straight, and the larger 
are rather distant. The endotheca is extremely scanty. 

length of largest piece ^ inch. 

Breadth of calice fa and length nearly inch. 

Locality. Barki nala, north of Kanikot, laki range. Survey-number Q 
Illustrations of the Species in Plate L 

Fig. 24. A fractured part : magnified. 

25 & 26. Specimens, side view: natural size. 

27. A calice : magnified. 

28. Costie: magnified. 

Group MADREPORARIA PERFORATA, Milne-Edwards A; Jules Haime, 1850. 
Family EORTIIBuE, M. Ed. & J. Haime, Hist. Nat. des Corali. vol. iii. p. 89. 
Genus LITHAILEA, M. Ed. <£ Haime. 

Aatnca (pare), Dffranee ; Gold/tut; Mkhtlin. 

Lithara*, M. B,t. if J. Haimt, Cwj*. Rendu*, t. xxix. p. 25S (1849) ; Monajr. da Poritid*,, p. 33. 
Sidenntrea (pars), LontdaU. 

This genus has the walls between the close corallites perforate or made up of 
trabecular instead of a solid plate, as in the genus Isastraa for instance ; consequently 
in some places, in every species and generally in most, a good amount of reticulate 
tissue exists on the surface between the margins of the polygonal calices. The septa, 
where they spring from the wall, arc more or less perforate ; but elsewhere they are 
thin, solid plates, some of which reach the columella. The calices are never very deep, 
and their centre is filled up by the top of the columella, which is composed of lax 
trabecular, continuous with the septal ends. The distinguished authors of the genus 
consider that there is a thin or a rudimentary cpitheca present; and they introduce 
into the generic diagnosis some points which are more specific than generic — such as 
the statement that there ore usually three cycles of septa, and that the upper edge of 
the septa is deeply crenulate. 



Digitized by Google 



ALCYONARIA OF SIND. 



23 



They distinguished the typical characters in the Aatrwa Websteri of Bowerbank, 
or Siderastrmn of Lonsdale, a fossil found in the Bracklcsham-Bay series. A dendroid 
form was described by them from the Miocene of Dax ; a convex and free species, the 
old Astrcea crispa of Michelin, was noticed from the Lower Eocene of Cuise-la-Motte ; 
and a most interesting one was alluded to as having been found, with a well-developed 
and stoutly folded cpitheca, in the Upper Chalk of Maestricht. 

It is evident that, as in most compound corals, there was much diversity of growth, 
and that convex, free, and epithecatcd kinds could come within the generic diagnosis. 

Since the publication of the ' Hist. Nat. des Corall." many species have been added 
to those there noticed, and the genus stands as a good one. 

Heuss has described a species (Litharwa affinin) from the Tertiaries of Java* ; 
DAchiardi has noticed it amongst the Eocene at Friulif ; and a well-marked form 
was described from the Oligocene deposit at Brockenhurst %. Recent species are not 
known. 

1. LiTiiAk.EA epithecata, Duncan. Hate II, Figs. 1-9. 

The corallum is circular in outline, broad, short, more or less convex above and 
flat or concave inferiorly, where there is a well-developed epitheca marked with concen- 
tric grooves and elevations. 

The caliccs arc rather irregular in Bhape, and arc usually hexagonal in outline ; 
they are close, and but little trabeculate wall is between them. Widely open, they are 
shallow ; and whilst large and subequal on the greater part of the corallum, they are 
smaller and of different sizes close to the thin rim of the full-grown coralla. There 
arc three cycles of septa ; all are distant, ragged, not over straight, with enlargements 
and points on their sides, and incised, and bluntly crenulate or moniliform, on the free 
edge ; they are trabeculate near the wall, and are united within by trabcculac here and 
there. The septa are slender and long ; the primaries and secondaries are subequal ; 
the tertiaries join the secondaries, being curved. 

The columella is small, and is composed of distant and contorted trabecule. 

Beneath the epitheca, the lower edges of the septa and trabecular form a close 
radial scries, which simulates a costal arrangement. A small central projection occurs 
on the base, indicating the position of the first calice above. 

Diameter of the largest specimen 3 inches ; thickness of the largest specimen 
t*0 inch. 

Breadth of central calices $ inch ; breadth of marginal calices -fa inch. 
Locality. Jakhmari, Laki range, south-west of Amri. Survey-number G 
Position. In beds with Carditu Beaumont i. 

Numerous specimens exist of this very characteristic form, and they were found of 
many dimensions. In all the basal epitheca is a most striking feature; and, except 
when altered by fossilization, the trabecular walls and septa are sufficient to distin- 

• A. E. Be us s, ' Fassile KoraUen von der Lnwl Jam' (Novara Exped.). 

t D'Aehiardi, ' Coralli Eoccnici ' (Pitt, 1875). 

t P. M. Duncan, • Supp. Brit. Fo*i. Corala,' Pal. Soc. Load. vol. xii. 
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guish the species from any member of the genus lsastra>a at once. In some speci- 
mens the calices are deeper than in others, and the margins of the calices are unequally 
elevated, whilst the whole surface is gibbous here and there. The sameness of size of 
the calices in the same specimen is sometimes striking. 

The young forms have a flat base ; and this appears to grow more or less dome- 
shaped with increasing lateral dimension, and probably the original calicc started with 
a minute peduncle and epitheca. Growth appears to take place by budding just on 
the outer margin of the calices ; and no upward development occurs, there being but 
one row of calices in vertical measurement. 

In some of the fossils the base has become covered with a mud containing fossils, and 
then the specimen appears to be an incmsting form ; but with a little care the epitheca 
can be distinguished. It is this basal epitheca that gives the species its especial character ; 
and it is a remarkable fact that Jules llaime should have noticed an epitheca only in 
an Upper Cretaceous species from Maestricht •. None of the Tertiary forms have it. 

The weathering of the surface brings out the perforate condition of the walls and 
septa; and some forms of fossilization, especially an infiltration with cnlcite, by filling 
up the interstices, render the form like an Isastraa with a small columella. When 
destruction of the original coral has taken place, only portions of it being left here and 
there, the cast that remains has, of course, no evidence of the former presence of the 
wall between the calices, and the aspect given is that of an Heliastncan. It is neces- 
sary to remember this ; for some specimens from Barki nala might be relegated to 
another genus than Litharaa. 

Litdah-ea EPiTiiECATA, nobis, var. nEMisrii.ERiCA. Plate II, Fig. 10. 

The basal surface is concave, and the upper surface is almost hemispherical. 
The calices are shallow, and hence there must be a vertical successional growth. 

Breadth of corallum 1^ inch ; height centrally -fc inch. 

Locality. Barki nala. Survey-number G \%%. 

"When the fossilization has destroyed the walls, the remarks already made hold 
good ; but towards the edges some smaller calices show all the specific characters. 

Illustrations of the Species in Plate II. 
Fig. 1. The upper surface of the type of Litharaa epithecata. 

2. The basal epitheca. 

3. A smaller and younger specimen ; calicular surface. 

4. The basal surface. 

5. The basal epitheca of a very small specimen. 

6. Calices of a weathered specimen : natural size. 

7. The calices : magnified. 

8. The structure of the wall, septa, and endotheca : magnified. 

9. A portion of the basal epitheca : magnified. 
10. View of the variety hemisphavica. 

• L. GcW/W, M. Ed. & 3. 11., Hi»t. Nat. dee ConOl. iii. p. 180. 



Digitized by Google 



ATXYOXARIA OF SIND. 



•25 



List of the Species of Madreporaria from the beds with Cardita Beaumont! at Jakhmari, 
at Barki nala, north of Ranikot, and at Burah, in the Laki range. 

1. Caryophyllia compressa, Duncan. 

2. Caryophyllia Indica, „ 

3. Caryophyllia Feddeni, „ 

4. Trochocyathus Lakii, „ 

5. Smilotrochus Jakhmari, „ 
C. Smilotrochus Blanfordi, „ 

7. Bhaldophyliia Barkii, „ 

8. Litharaa epithecata, Duncan, and a variety. 

9. Stylophora, sp. 

Of these corals the most numerous arc the Litharaa, and the species is evidently 
a most characteristic form. The Caryophyllia are next in importance, and then the 
Smilotrorhi. 

Taken as a fauna, this assemblage of species does not indicate the conditions of a 
reef sufficient to form a coral-limestone. The forms were not massive, and the Litharaa 
was epithecate and covered a very small area. A shallow-sea formation, where the 
corals lived under not very favourable conditions, occurred. 

With regard to the alliance of the corals with those of other strata and formations, 
but little can be determined. There are no characteristic Secondary or Tertiary forms 
present. The range of the genus Caryophyllia is from the Cretaceous to the present 
day, and the new species do not belong to the deep-sea group of the European Chalk. 
The genus Smilotrochus was most common in the Upper Cireensand and Gault of 
Europe ; but it lasted on into the Nummulitic, and may be still represented. The 
Smilotrochi have thus as great Nummulitic as Cretaceous affinities. The Litharaa has 
affinities with an Upper Cretaceous form, but the genus had a great Tertiary range. 

As a whole, the fades of the fauna is more Eocene than Cretaceous ; and it is 
impossible to give a geological position, so far as age is concerned, to the group of 
forms from this limited paleontology. There is a remarkable similarity of outline, 
figure, and of special shapes of certain species in the coral-faunas of the Cretaceous and 
Eocene ages ; and from the appearance of the Stylophora and the Smilotrochus Blan- 
fordi, so greatly resembling Smilotrochus iuevrvus, D'Achiardi, of the Italian Eocene, 
an Eocene facies rather predominates. 

There are numerous Caryophyllia in the Cretaceous deposits of Southern India, 
and they were described by Stoliczka in his Monograph of the Cretaceous fauna of 
Southern India (Memoirs of the Geological Survey of India, 1S73); but they arc only 
generically allied to those from the Cardita-Beaumonti beds of Sind. They come from 
strata of l^ower Cretaceous age, and there were several genera present which are only 
known as Tertiary in Europe or recent. In the fauna now under consideration a 
transition from the Cretaceous to the Eocene is fairly indicated. 

I 
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VII. Description of the Fossil Corals from the Ranikot Series of Strata qfSind. 

Nl'MMl'LITIC SEE1ES. 

List of Specie* described. 

Section IADEEPOEAEIA, 

Group MADBEPOBARIA APOBOSA. 
Family TURRIXOLIDA?. 
Subfamily Tbochoct athacb.*. 
Trocbocyathus corbicula, Duncan. Placocyathiu gtriatus, Duncan. 

Subfamily TlBBISOLI LCZ1&. 



Modbcotti, 



Montlivaltta Granti, Duncan. 

Lynyani, Duncan. 

Ranikoti, Duncan. 



AJSTR&IDJS. 
Sulfamily Kumilua 

Subfamily STTLISACS*. 

Stvloctt-niii Vicaryi. ITaime. 
I Ranikoti, Dunca* 

Subfamily AaTU-BlX.E. 

FeddVuia cristate, Duncan. 



Ptoropl.yllia Sindiana, Duncan. 
typica, Duncan, and two Tarioties. flabellaU, Rent*. 

Subfamily LlIHOf HIUIACtl MB A X DROIBI.*. 

D-Achianti. U-ptoria by. pboroidc-a, Duncan 

Subfamily ASTR.tACE.I. 



8t*phanoca>nia microtuberculata, Duncan. 
Astromrnia Blanfordi, Duncan, and Taricty. 

rcllulata. Dun 

nana, Rcutr. 

gibbosa. 



Aertrocoenia ramnna, Sowcrby. 

Iht, '1*1,' ji . 

t Morluti, limits. 

, Indies, Dnncan. 



Family FU.XOID.E. 
Subfamily Lofuoserixj:. 



PachyserU MurchUoni, il. &l. fj. llaimc. 
Trocbotseris difformis, Reus*. 
Cyatberwriu orirntali*, Duncan. 
Klliptooeris apcrta, Duncan. 

I Ranikoti, Duncnn. 
■ opitbec-ata, huncan. 
- ilaimei, Duncan. 



Imli . Duncan. 

el-Pjians, Duncan. 

Cyclolites alpina, DOrlwjny. 



Cyclolitc* Ranikoti, Duncan . 
orenulata. 



Vicaryi, llaimc. 
anomila, Duncan. 



superba, Duncan. 

• Hailnei. Onncan. 

Altavillemis, Dtfmnct. 

striata, Ihtnmn. 

ThamuMUaa Balli, Duncan. 
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Group MADREPORARIA PERFORATA. 

Family UADREPOMDJL 

Suhfamily ErPSAMMIKK.t. 
Steptuuiophrllia Indioa, Duncan. 

Family PORITIDA!. 
Lithane* grand*, IWn. | Porite. guperpooito, ZWa*. 

Section MADREPORARIA. 

Group MADREPORARIA APOROSA. 
Family TURBINOLIDJZ. 

Sulfamily TROCUOCYATllACEA. 

Genus TROCUOCYATIIUS, M. Ed. & J. H. 

1. TROcnocYATiros corbicula, Duncan. Plate VII, Fig8. 12-14. 

The corallum is short in height, long and narrow in its very deep and elliptical 
calice, rounded at the base, generally compressed, and the calicular margins are curved 
inwardly at the sides. 

There is a granular and rather indistinct epitheca ; but the costa; arc visible at the 
calicular margin and for some distance down ; they are numerous above, subequal, and 
minutely granular. 

The septa are numerous and crowded at the rather broad margin ; a few are 
slightly exscrt, and they arc very unequal in size and length. They dip down close 
to the thick wall, and extend very slightly into the calice, and the larger pass along 
the base of the very deep calicular fossa to the long elliptical and largely developed 
trabecular columella. The septa arc alternately large and small ; and the smaller are 
separated by a longer, which cither docs not reach far down, or is attached to the 
columella, by a paliform continuation. There are more than five cycles of septa ; 
the lamiiuc are thin, often wavy and distinctly granular. 

Length of the corallum \ inch ; length of the calice \-r\ inch. 

Breadth of the calice \ inch ; depth of the calice Vo inch. 

lA>calitt). Hills east of Lynyan, Ranikot group. Survey-number G 

Illustrations of the Species in Plate VII. 

Fig. 12. The corallum from the side: natural size. 
13. The base. 

11. The calice: slightly magnified. 

e2 
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This species is more closely allied to Trochocijathus sinuosus (Brongniart's sp.) 
of the Eocene of the Vicentin, of Brazzano in the Friuli district, and of La Palarea, 
than to any other form. 

Gen tut PLACOCYATHUS. 

Dacocyathtw, if. &.!. <$• J. //., llitt. Nat. tit* Corail. Tol. ii. p. 59. 

L Placoct ath us STBiATUS, Duncan, Plate XIV, Figs. 8-10. 

The corallum is simple, short, with a hroad attached base and slightly sloping sides, 
covered with a faint epitheca, through which the straight and alternately large and 
small, rounded, slightly projecting costa; are seen. The calice is longer than broad, is 
deep, and the thick margins are slightly sinuous. 

The septa are very numerous, small, crowded, and unequal : a few large ones 
reach the bottom of the fossa, and are in contact with a short lamelliform columellu ; 
these septa, probably eighteen in number, have pali at their columellary ends, which 
merge gradually into the lamina? ; the other septa, not reaching so far, are slightly 
wavy and close to the wall. At the margin there are a number of systems of three 
septa between two large ones, the middle one of the three being slightly larger than 
the small one on either side. The costie are a market! feature, and give a striped 
appearance to the outside. The sides of the septa are granular; and in some places 
the granules are nearly worthy of the name of synapticulse. 

Height of the corallum jjfc inch. 

Length of the calice 1 inch. 

Locality. Lynyan, llanikot group. Survey-number G ? 5?. 

Illustrations of the Sjtecies in Plate XIV. 
Fig. 8. A side view of the coral : natural size. 
9. The columella and some pali : magnified. 
10. The cosine : magnified. 
This is the only representative of the genus in the Indian Tertiaries. The others 
arc of Miocene age in the West Indies. 

Huhfamily TUltDINOLIACE.i:. 

BLAGROVIA, gen. nov. 

The corallum is simple, turbinate or subturbinate, and attached by a small 
peduncle. The calicular fossa is very deep ; the septa are numerous and unequal, and 
the costa; are covered with an epitheca which permits the larger being seen, and they 
reach the small ba<e. There are no endothecal dissepiments, pali, or columella. 

This genus bus close structural resemblances with Smilutroclius, from which it 
differs in the possession of an epitheca and peduncle of attachment. 

1. Blagbovia simflkx, Duncan. Plate XIV, figs. 11-13. 

The corallum is small, compressed, turbinate, and the small base has a scar of 
attachment, and the primary costa; aud some secondaries reach it. The septa are very 



[ 



Digitized by Google 



ALCYONARIA OF SIND. 



29 



irregular and numerous, and are in sets of three or of five between two larger ones. 
There are five cycles of them, and a few members of a sixth. 

The epitheca is delicate, and forms an integral part of the costal arrangement. 

Height of the corallum ft inch. 

Length of the calice -ft inch. 

Locality. Three miles west of Lynyan, Ranikot group. Survey number G { |$.. 

Illustrations of the Species in Plate XIV. 
Fig. 11. The corallum: natural size. 

1 2. Base and calice : magnified. 

13. Septa at the margin : magnified. 

Family ASTRJEIDjE. 

tMfmBy KUHMIUX.K. 

Genus TKOCHOSMILIA. 
Trochoemilia, M. Rl. $ J. //., op. cit. vol. ii. p. 181. 
1. Trochosmilia Medlicotti, Duncan. Plate III, Figs. 2-5. 

The corallum is greatly compressed, and is deltoid, wedge-shaped, or flabcllatc in 
outline. There is usually a curved pedicel with a mark of former adhesion, but in 
some the pedicel is straight and sharp. The long, elliptical, rather pointed-ended, and 
sometimes sinuous calice is usually on a level plane, but sometimes not. It is rather 
deep centrally, stout at the margin, and crowded with septa. 

The costac are distinct near the calice, and subequal there, slightly projecting, 
granular, and have small intercostal spaces. Lower down, the costal become alternately 
large and small, the smaller being rather linear in some instances. They merge into a 
pellicular epitheca, or into a " broken " epitheca consisting of irregular-shaped pieces 
resembling a bad mosaic. 

The septa are slightly exsert at the margin, curved above and not dentate. They 
are crowded, and there are five cycles, with extra orders in large specimens. They are 
alternately large and small, long and short. The longer gain the axial space and bound 
it. All are distinctly and largely granular. 

There is no columella. The endotheca is scanty. There is a slight exotheca here 
and there. 

The height of the largest specimen is ft inch, and its calice is in length lft inch. 
The next specimen is ft inch high, and about an inch in length. A third, drawn on 
Plate III, is ft inch high and ft inch long at the calice. 

Locality. Jliirk, Ranikot group. Survey-number G 

Illustrations of the Species in Plate III. 
Fig. 2. A moderate-sized specimen : natural size, 6ide view. 

3. Its calice: magnified. 

4. The worn septa: magnified. 

5. The granulate septum : side view. 
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Sttl,/amil>f STYLIXAC&M. 
Genus STYLTNA. 
Styling M. £/, 4 J. B., voL ii op. tit., p. 232. 
1. Sttuna Recsbi, Duncan. Plate X, Figs. 11-14. 

'Jin.' corallum is convex above, with gibbous projections, circular in outline, and 
conical and pedunculate inferiorly. 

The upper surface and iU gibbosites are crowded with numerous, very slightly 
projecting, circular, or deformed calices, some of which are separate and others close. 
The normal calico has a circular, sharp, and rather exsert narrow margin, which is very 
distinct, a very large, central styliform columella rounded above, and subequal costae 
passing over the wall to the intcrcalicular space, where they terminate. 

The septa arc alternately large and small, long and short, and there arc three 
cycles in six systems. The primaries and secondaries are much alike, and reach close 
to and touch the columella ; sometimes some do not reach so far. The tertiaries are 
smaller, and usually do not pass far inwards from the wall. The septa are all smaller 
than the costre ; and the tertiaries have much larger costa; attached to them than their 
own lamina?. 

In some calices the walls touch, but there is no connexion then by septa-costaj. 

The intercalicular space presents the straight ends of the radiating costa*. 

The columella, in longitudinal sections, is very large, straight, cylindrical, or slightly 
compressed, and is marked, from above downwards, with a great number of irregular 
cross stripes or projecting ridges ; these give origin to minute trabecular, which join 
the larger septa to the columella. The sides of the larger septa above, risible in 
longitudinal section, are minutely granular in lines placed across them. 

The endotheca is moderately developed, and the epitheca has been worn off the 
specimen. 

Height of corallum, including gibbous prominence, l^,j inch; breadth l^j inch. 
Diameter of calices ^ to ^ inch. 

Locality. Jhirk, Ranikot group. Survey-number G ff&. 

Illustrations of the Species in Plate X. 
Fig. 11. The calices on the corallum : natural size. 
12. The calices : magnified. 

IS. The columella in longitudinal view: magnified. 
14. Costa; on base : magnified. 
This species is only gcnerically allied to those Stylinm which Reuss described from 
Castel Gomberto. 

Genus STYLOCXENIA. 

Stylocwni*, M. Ed. 4f J. B n op. cit. vol. ii. p. 250. 
1. Smocomu maxima, Duncan. Plate XII, Figs. 1-5. 

The corallum is large, with a circular and concave base, and has rather thin edges. 
The upper surface is convex, with a central conico-cylindricol upgrowth. The calices 



Digitized by Google 



ALCYONARIA OF S1ND. 



31 



arc large, deep, and some of the intercalicular pillars are very stout, long, and usually 
pointed, whilst others are small and striated. 

The calices are largest in the midst and smallest at the edges of the corallum ; 
they are irregularly hexagonal in shape, deep, with a closed fossa as broad as the 
margin. There is a small styliform columella, which is compressed from side to side, 
and presents an elongate transverse section. The septa are thin, wide apart, do not 
project much into the calicular cavity, are often wavy, and ten equal in size unite with 
the columella. In some calices a very rudimentary intermediate septal series exists, 
and is continuous on the intercalicular ridge with small costal prolongations. 

There are some endothecal growths between the septa, but not extending far from 
the wall, and the interseptal loculi are closed in below. On the intercalicular ridges, 
which are moderately broad, arc long, linear, short projections, which give off, on cither 
side, costse which go to the septa, and sometimes two unite to form a Beptum. On the 
linear projection is a solitary ridge, and the septo-costal arrangement arises from a 
reticulation close to the calicular margin. In some instances the linear ridge is broken 
or sinuous. 

The columns or intercalicular pillara are situated at the angle of junction of four 
or five calices. The largest arc broad at the base, and cover nearly as much surface 
as a calice. The smaller occupy much less space according to their Bize ; they are 
cylindrical for much of their height, and then are usually compressed but not inva- 
riably ; they diminish in breadth rather suddenly, and end in a point which is long and 
blunt. Wide apart, narrow, slightly projecting, sometimes wavy, but usually straight 
linear projections arc placed longitudinally up the columns; they converge at the top, 
and unite there at a point, or on either side of a short line, and they are sometimes 
connected throughout their course, here and there, by cross linear projeclions. 

The longitudinal lines sometimes bifurcate, and may be equal or subequal, or an 
intermediate set may bo smaller than the others; aud the intermediate structure of the 
column usually presents a series of more or less regular slight swellings, when slightly 
magnified. 

The longitudinally linear projections of the large columns may be 10, 16, 20, or 
24 in number ; but the first three numbers are the commonest. They in some instances 
have a clear relation, at the base of the column, with some of the septa of the neigh- 
bouring calices, and with the middle intercalicular linear projections ; but in other 
instances this is not seen, and the columnar " costae " are independent. 

One of the columns on the typical specimen is stunted, and clearly indicates by its 
construction that it and all of them arc aborted gemmations in which the calice has 
been modified by the unusual growth of the wall and cosuc. Another column, broken 
across, shows that the external longitudinal " costac " are really such, and are continuous 
within with irregular septa and endotheca. Moreover the columella may be traced, 
and it is to be recognized at the top in the line there. 

The smaller pillars are miniature larger ones ; they cover less space, are usually 
compressed, and terminate rather bluntly as the remains of an aborted calice, or as a 
tip with an elongate columella. 

The base of the coral, large, symmetrical, resting on its thin circular edge, has 
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concentric rings of epitheca, and a vast number of subequal radiating costa\ whose course 
is often much broken by the circular layers of epitheca. The costal appearance is 
produced by a broad rounded and often ornamented epithecate process, which covers 
each small costa from the outside calices. 

The central projection on top of the corallum consists of a mass of calices and 
columns. The septa of the calices arc not arranged in definite cycles. 

The breadth of the base is 3£ inches ; the height of the corallum to the base of 
the projection is inch, and this eminence brings the height to l^y inch. 

The calices are ^ to J 0 inch and slightly more in diameter : and the large columns 
may reach £ inch in height ; their usual height is about -fa inch. 

Locality. Jhirk, from the lowest fossiliferous bed, Ranikot group. Survey-number 

Illustrations of the Species in Plate XII. 
Fig. 1. The upper part of the corallum: natural size. 

2. Part of the base : magnified. 

3. A large pillar : magnified, side view. 

4. A calice : magnified. 
4a. Side view of a section. 

5. The top of a column : magnified. 

This remarkable coral is common, and always assumes the same shape. It is allied 
to Stylocmiia vwrostgla, Reuss, from the strata near S. Giov. Ilarione, in the Bolca 
and Montebello district of the Alps, and which is found with Cerithium gigantrum and 
Niimnin/ites planufatus. The especial point of interest in the species is the gigantic 
development of the small projections seen in some of the ordinary European Eocene 
Sfyhrcenia. 

Styukxkxia maxima, Duncan. Plate XII, Fig. 6. 

A young specimen, with the same kind of base, calicular marginal lines, and septa 
as the type, has only the usual upward enlargement of the calicular meeting-points. 
Indications of a commencing central projection exist. It may be mistaken for Stylo- 
ccenia emarciata, Lamk. sp., of the European Eocene deposits. 

Illustration in Plate XII. 
Fig. G. The corallum : natural size. 

2. SmoccxMA Vicaryi, Haime. Plate XIII, Figs. 4-7. 

This Styloccenian was described by D'Archiac & Haime in their great work, 
' Les Animaux Fossilcs du groupe Nummulitique de l'lnde,' and was figured by them 
(plate xii, fig. 4, 4 b, p. 189). They notice the similarity of the species with those from 
La Palarea in the European Nummulitic strata, and classify the form amongst the Sty- 
locania with three cycles of septa, noticing that the primaries alone reach the columella, 
which is rather large and cylindrical, that the secondaries do not reach the columella, 
and that the tertiaries are rudimentary. They give the diameter of the calice as 
1| millim. They describe the corallum as thick and semiglobular ; and llaime and 
Milne Edwards state it to be hemispherical. 
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There is a fine specimen of a Styloccenian from Jhirk, in the Ranikot group, which 
approaches the above description too closely to permit of its association with any other 
species than Stylocwnia Yicaryi. It is a large form, well developed, and is thick but 
not hemispherical, for it is rather convex in one direction and long and flat in the other. 
The intercalicular projections are small and mere elevations at the angles. The calices 
arc over 2 millimetres in breadth, and the columella is well developed and cylindrical. 
The primary and secondary septa arc equal and reach the columella, all being slender, 
and not being much thicker at the margin, if at all, than at the columella ; and the tcr- 
tiaries reach midway towards the centre of the calice. 

This increased size of the septa is a mere matter of growth. The endotheca is 
scanty. 

Locality. Jhirk, Ranikot group. Survey-number G 

Illustrations of the Species in Plate XIII. 

Fig. 4. Part of the corallum : natural size. 

5. A wom calice : magnified. 

6. Calices: magnified. 

7. Diagram of the margin of the calices. 

3. Sttloc(ENIa Ranikoti, Duncan. Plate XV, Figs. 6-9. 

The corallum is large, the basal edge is circular, and the upper surface of the 
corallum is symmetrical, rising gradually to a blunt point, and being covered with largo 
calices. 

The base has an cpitheca. The calices are more or less hexagonal, two sides being 
smallest, or round or angular, and they are rather deep, and are separated by narrow, 
sharp margins. The columella is exceedingly small in relation to the size of the calices, 
and aborts occasionally, being replaced by an elongate mass ; it is situated deeply and 
compressed. The septa are ten in number, distant, small, some often uniting before 
they reach the columella; they are subcqual, and form but little of the calice. The 
columns between the calices are small. 

Breadth of corallum at base inches ; height 1^ inch. 

Diameter of calices usually -j^j inch and more. 

Locality. Hills cast of Lynyan, Ranikot group (Survey-number G J and Vihan 
Hill (Survey-number G |f 

Illustrations of the Species in Plate XV. 

Fig. 6. The corallum : magnified. 

7. Calices : magnified slightly. 

8. Calices : more highly magnified. 

9. A side view of a septum : magnified. 
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Sui.famity ASTREIXJ?. 

Genua MONTL1VALTIA. 
Montlivaltin, .V. &1. .J- J. Haimr, op. of. vol. ii. p. 200. 

1 Montlivauia Graxti, D'Archiac & llaime. Plate XI, Figs. 14-17. 

The corallum is hemispherical when full-grown, natter and convex without and 
concave within when young. The calice, widely open and shallow, is slightly elliptical, 
and the axial space is of the* same shape. The septa are slightly exscrt at the margin, 
rounded, slightly granular, and usually long, straight, and often rise on the free 
margin into several minute lobes, of which there is a crown around the axial space. 
There arc at least six cycles of septa which are close at the wall. The larger septa 
are subequal, and there is a considerable number of them, but they arc small in relation 
to the size of the calice ; they are subequal at the costal end, and largely granular 
there. There is no columella. 

The epitheca is granular, and is in strong transverse folds, the costs showing 
between them, and it reaches very close to the margin. 

The base is very slightly flattened in old forms, as if by pressure ; but it is rounded 
in the young, in which the costas do not show through the perfect epitheca. 

In the young forms the calice is deeper aud there are fewer septa, but still they 
are numerous. 

The costs in the fully-developed forms are subequal, project but slightly, are close, 
and have much exotheca between them. They are in httlo groups of longitudinal 
convex fluting in the old forms, and each group consists of two large costa; and three 
intermediate ones between them. 

Height of corallum : large, l^j inch ; small, -p 0 - inch. 

Length of calice: large, 2^ inches; small, 1 inch. 

Locality. Hills east of Lynyan, Rauikot group. Survey-number G \\%-. 

Illustration of the Sjtccies in Plate XL 

Fig. 14. Large corallum: natural size. 

15. The septa (part of): magnified slightly. 

16. The cost* and epitheca : magnified. 

17. Small corallum : natural size. 

This species was described and delineated by MM. D'Archiac and Jules Haime 
in their work, which has already been quoted ; and the specimens from Lynyan agree in 
their structures with the specific distinctions given. The type figured by them is a 
more feebly grown individual than the larger form described above. In the lobed 
character of the septal ends there is much similarity to the genus Antillia, Duncan ; 
but there does not appear to be a columella, w hich structure peculiarities this genus. 
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2. Montlitaltia Lvxtani, Duncan. Plate XVI, Figs. 1, 2. 

The corallum is very large, cylindro-turbinate, rounded and turbinate below at the 
base, and cylindrical, with salient angles, above. 

The calico is irregular in outline, widely open, and not deep. The margin is thin, 
and there is a raised ridge of paliform septal lobes around the axial space. The septa 
are close, not very stout, and there are nearly six cycles of them. The costs are sub- 
equal, or alternately largo and small, sharply granular at the free edge, and rather 
distant. The cpitheca is well developed as a layer, which is granular on its surface, 
and as bands between which the cost® are visible. The endotheca and exotheea are 
abundant. 

The height of the coral is 3 inches. The breadth of the calice is rather over 
2 inches. 

Locality. Three miles west of Lynyan, in the Ranikot group. Survey-number 

g m- 

Illustrations of the Species in Plate XVI. 
Fig. 1. The corallum, side view. 

2. Some of the costse and cpitheca : magnified. 
The paliform endings of the septa, so remarkable in the last species, occur in this one. 

3. Moxtuvaltu Ramon, Duncan. Plate III, Figs. 12-14. 

The corallum is short, irregularly elliptical, large and widely open above, and 
almost hemispherical and slightly pointed beneath. The height is about equal to one 
half of the width of the smaller diameter of the calico. 

The calicular margin is broad ; the axial space is elliptical, small, restricted, and 
deep, and the space between it and the margin is moderately deep. There are 
76 septa, and the fifth cycle is incomplete in some systems. The septa are stoutest 
at the margin, where they are slightly exscrt ; they are thin, slightly and largely 
granular at the sides, slightly arched and faintly notched at their free margin, long, 
distinct, and not crowded. They reach or extend towards the axial space according 
to their orders ; the primaries reach it, and the secondaries also in some instances ; the 
secondaries and tertiaries are a little remote from it, and those of the higher orders 
are still more so. There is frequently an approach, near the axial space, of two smaller 
septa towards the larger one between them, and they come in greater or less contact. 
The axial space is deep, and is bounded by the curved inner septal edges, and there is 
no columella. The costrc correspond to the septa, are alternately large and small, and 
are distinctly yet feebly developed; they project with greater distinctness at some 
part than at others. 

The endotheca is very scanty. 

An epitheca, without ornamentation and more or less pellicular, exists, closely 
covering the costal and intercostal spaces, but the irregular projections of the costa; mark 
it. The base is small, semipeduneulatc, and free. 

Height of the corallum i 8 „ inch. 

Breadth of calice about i 7 u inch. 

f2 
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Locality. Jhirk, from lowest fossiliferous beds of the Ranikot group. Surrey 
number G \ 

Illustrations of the Species in Plate III. 

Fig. 12. The coral: natural size. 

13. The calice : magnified. 

14. The costae : magnified. 

Genus FEDDEXIA, Duncan. 
The corallum is simple, free, with an irregular-shaped base, which has enclosed a 
foreign body. The epitheca is granular, and occasionally like broken mosaic. The 
costtc may or may not be universally visible, and are continued to the base, but not 
invariably to the peduncle. The calice, usually constricted, is crowded with uniting 
septa, ending in paliform lobes ; it is without columella. The endotheca is scanty, 
but the granules of the septa unite here and there as false synapticuluj. 

1. Feddexia typica, Duncan. Plate XI, Figs. 1-3. 

The corallum is free, compressed, and Phrygian-cap-shaped, and the projecting 
part of the base is marked with the openings for the shell it surrounded. The 
calice is oval, deep, with a faintly irregular margin and a small elongate axial space, 
which is bounded by the jmliform ends of the largest septal groups, which are ten in 
number. There is no columella. At the margin, the costal edge is festooned, two 
projecting costa? ending in a large septum, and having seven between them. The pro- 
jecting costo-septa have, on either side, a minute septum of a high order, which is taller 
than the others. There are five cycles of septa; and the larger lamina' are thick, often 
much curved, and have protec ting granules and ridges. The next in size project less, and 
are also curved ; whilst the smallest septa are largely granular, and unite by their 
granules with the others, besides uniting laterally with a larger septum. The paliform 
ends are wavy, broken-looking, and broad. 

The costK are Bubequal and exist near the calice, the larger, with the two lateral 
cosue, forming prominences for some little distance straight down the outside. Else- 
where they are covered with the epitheca. 

Height of corallum ^ inch. 

Length of calice ^ inch. 

Locality. Three miles west of Lynyan, Ranikot scries. Survey-number G f$3- 

Illustrations of the Species in Plate XL 
Fig. 1. Side view of the corallum : natural size. 

2. The calice (part of): magnified. 

3. The costa- and epitheca : magnified. 

Feddenia TvritA, Duncan. Variety 1. Plate XI, Figs. 4, 5. 

In this variety the same general shape of the corallum exists. The septa are 
larger and very largely granular. The costa; are large near the calice, which is ellip- 
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tical and contracted. The false synapticuhrj are large. The epitheca is granular. 
From the same locality as the type. 

Illustrations of car. 1 in Plate XI. 

Fig. 4. The septa : magnified. 

5. The granules on a septum : magnified. 

Fkdde.via typica, Duncan. Variety 2. Plate XI, Figs. 6, 7. 

This variety is from the same locality as the type. The corallum is taller, and 
still retains the general shape. The costie are very gramdar, and the granules merge 
into those of the epitheca near the calice. Elsewhere the epitheca is minutely granular. 
The higher orders of septa are not so decidedly higher than the others on the side of 
the larger septa. The costa arc very wavy on the side where they coalesce. 

Illustrations of tar. 2 in Plate XI. 
Fig. 6. The corallum : natural size. 
7. Cost* and septa : magnified. 

2. Feddexia ckistata, Duncan. Plate XI, Fig. 8. 

The corallum is free, tall, very compressed, with a small rounded base, which 
curves up to a keel-like crest that reaches the calice at one of the ends of the elliptical 
margin ; a corresponding but smaller keel exists at the opposite end, and passes straight 
down to the base, which is gently curved sideways. 

The calice is contracted, shallow, elliptical, and crowded with septa, the larger 
reaching into the small axial space. There are four cycles of septa, which arc not very 
granular, and which have the generic distribution. The Costa; project in sets, which 
become more prominent near the curved end of the corallum at the calice, until the 
terminal form a decided ridge or keel. Lower down, the costa become covered with 
the broken-looking epitheca; but they are still visible and subequal. Some paas 
straight down from the calice, and others, after a space, take on an oblique course, 
which gives a regularly wavy appearance to the sides of the corallum. The base has 
enclosed an organism, and the costehavc followed the growth of the enclosing structure 
rather than that of the narrow peduucle-like end. 

Height of corallum %fa inch. 

Breadth of calice -j^ inch ; length of calice inch. 

Locality. East of Kandaira, Ranikot group. Survey-number G \\%. 

Illustration of the Species in Plate XI. 
Fig. 8. Side view of the corallum : natural size. 

3. Feddesia eloxgata, Duncan. Plate IV, Figs. 8-10. 

The corallum is tall, rather compressed, and the base is curved and flattened 
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beneath. The costs?, distinct near the calice, either merge into a broken mosaic-like 
cpitheca or pass straight downwards with gentle undulations, so as to reach the lower 
end, but not the curved base. The costa; are in sets at the margin, three small being 
between two large ; they are well developed, slightly projecting, granular, united by 
exotheca, and the largest order is not invariably taller than the others. The calice 
is elliptical, contracted, shallow, and the septa corresponding with the larger costa; 
pass in towards the small axis. The transverse section below the calice indicates that 
the septa are not very granular, that they have few false symplicuhe, and that there 
is a false columella, produced by trabecular from the septal ends. There are five cycles 
of septa, a few orders of the sixth. 
Height of corallum 2 inches. 

Length of calice l^o inch ; breadth of calice ^ inch. 

Locality. Three miles west of Lynyan, Ranikot group. Survey-number G 

Illustrations of the Species in Plate IV. 
Fig. 8. Side view of the coral. 
9. The costa; : magnified. 
10. A transverse section of the coral : magnified. 



Genus PLOCOPHYIXIA, Iteuss. 

1. Pl.oCOPJiYLLiA Sisdiaxa, Duncan. Plate XIII, Figs. 1-3. 

This species is founded on a small massive corallum, with a few extremely large 
corallites, separate above, short, and presenting some Heliastncan peculiarities. There arc 
no Nummulites about the specimen ; and 1 have doubts, from its mineralization, whether 
it really came from Jhirk : it looks more recent than the others from that spot. 

The corallum is broad above, small below, short, and massive. All the calices are 
large, deep centrally, but shallow and expanded at the margins, which are oval or irregular 
in outline. The costte are distinct above, project slightly, are unequal, and those of 
one calice do not pass over to others. Possibly there are 144 or more subcqual septa 
in the calices ; they arc thin, crowded, faintly dentate at the free edge, and a consider- 
able number reach the large papillose columella, which is situated deeply. There 
does not appear to have been any cpitheca. 

The diameter of a calice is lf% inch. Depth of fossula ^ inch. 

Locality. Jhirk (1), Ranikot group. Survey-number G 1*2.. 

Illustrations of the Species in Plate XIII. 
Fig. L The corallum: natural size. 

2. The costa;: mngnified. 

3. A septal edge : magnified. 

This species has the appearance of a short Flocophyllia, of the Plocophyllia- 
gregaria, Reuss, type from S. Giov. Ilarione. 
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2. Plooophylma plabellata, Seuaa. Plate XVI, Figs. 5, 6. 

A little stem of this coral, with a compressed calicc and visible cos to, slightly com- 
pressed sides, and a scar of former adhesion, was found in the hills east of Lyuyan. 
It resembles a young Plocophyllia of the group flabellata ; and I refer the specimen 
to that species, which my late friend the illustrious A. E. Rcuss described from 
Monte di Carlotta, in the San Giovanni Ilarione district (' Pal. Stud. uber die alteren 
Tertiiirschichten der Alpen,' iii. Abtheil. p. 30). 

Locality. Hills east of Lynyan, in the Ranikot group. Surrey-number G 

Illustrations of the .Species in Plate XVI. 
Fig. 5. Side view of the corallum : natural size. 
6. The costa? : magnitied. 

SHl/mMy LlTUOPHl'r.LIACEJV if EASDROIDEJS. 

Genus DIPLORIA. 
Diploria, M. Ed. If U. op. cU. td. ii. p. 401. 

1. Diploria flrxuosissima, I/Ach. Plate VI, Figs. 11, 12. 

Diploria fleiuoMssima, D'Ack. Corall. fan. dtl Urr. tiNinm. dtVU Alpi vttuit, ii p. 20, tab. xii. fig. 4 ; 



, Anlho:. von S. Giovanni lUtrwnt, p. 11, pi. xxxix. figs. 1, 2. 

The corallum is irregular in shape, generally flat and cake-shaped, and is rather 
gibbous on the upper surface. The series are very gyrose, and the interserial portion 
is about as broad as the serial, and is on rather a lower level. The series are narrow, 
and the septa arc numerous, alternately large and small, the larger having a swelling 
parallel with the axial space, sometimes rising in a small lobe. There arc about 
40 septa in half an inch. The small septa may be rudimentary, and arc then con- 
tinued outwards as minute costa;, and the larger, which are stout, end in the principal 



The columella is continuous, thin, and distinct. The endotheca is very well deve- 
loped and close. 

The length of the corallum is about ^ inch ; the breadth of a series and one intcr- 
series is x ' e inch. 

Locality. Jhirk, Ranikot group. Survey-number G 

Illustrations of the Species in Plate VI. 

Fig. 11. Upper surface of the corallum. 

12. A portion of a calkular series : magnified. 

Genus LEPTORIA. 

Leptoria, M. Ed. # J. B. op. cit. vol. ii. p. 405. 
1. Lbptoria hyd.whoboidka, Duncan. Flatc VIII, Figs. 1, 2. 

The corallum is hemispherical, and is placed on a large elliptical base, with 
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rounded-off edges and a slightly concave central part, marked with concentric ridges. 
The upper surface of the corallum slopes for a short distance from the hase, and is then 
broken up into many series, some of which are long and others very short, some being 
straight and others curved. The calices are perfectly indistinct, and the costac of 
the collines and monticules are alternately large and small, slightly projecting, and 
in number about ten large ones and as many small in half an inch. They pass up- 
wards from considerable depths, and form, with those of the neighbouring series, thick 
nodular, and long and short, broad and narrow collines, with a rather sharp or a nodular 
summit. The valleys are very deep, reaching down from j* 0 inch to 1 inch ; and the 
septa arc granular at the edge, project but slightly, have some endotheca between 
them, come close together along the floor of the series, and have a projection there. 
There is a distinct thin lamellate columella, which is very continuous. The cosbc 
of the base cover its upper sloping portion, and are seen around the edge ; they are 
small, subequal, slightly prominent, and have exotheca regularly placed concentrically 
between them. There are traces of an epitheca. 

Height of the corallum 2^ inches. Length of base 3^ inches. 

Breadth of base Sft inches. Length of longest collino 1J inch ; of the shortest 
A inch. 

Locality. Hills east of Lynyan, Ranikot group. Survey-number G \ 

Illustrations of the Species in Plate VIII. 
Fig. 1. The corallum : natural size. 
2. A scries : magnified. 



Subfamily ASTRAVACEAV. 

Genus STEPHANOCXEXL\, Jf. Ed. f J. II., amended. 
(Shown to have incised and ragged septal edgings.) 

1. Stephaxocojxia u iCROTi'BERCTrLATA, Duncan. Plate XV, Figs. 14-16. 

The corallum is large, rather flat, slightly irregular on its calicular surface, and 

The calices arc irregular in shape, although regular in size, and are in hexagons, 
pentagons, or are indefinitely square and circular ; they are shallow, open, and are sepa- 
rated by stout, equal margins, which are minutely granular and marked with enlarged 
septo-costal swellings. The septa are delicate, rather large near the wall, then thin, 
and finally expand near the axial space to unite and form a kind of paliform collar 
around the extremely small, tubercular-looking, essential columella. There are twelve 
larger septa, which reach the axis, or one or two may occasionally join others before 
doing so. Twelve smaller septa, often very small, intervene ; and thus there are three 
cycles, the primaries and secondaries being nearly or quite equal. The axial part 
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occupies much of the fossa of the calice, and in worn specimens especially. The minute 
columella aborts frequently, or is lost in fossilization, being rarely perfectly preserved. 
Sometimes there is the trace of a groove between the calices. 

Height of corallum -fa inch ; length many inches. length of calices rather under 
A \j inch. 

Locality. Jhirk, llanikot group. Survey-number G ffr«- 

Illustrations of the Species in Plate XV. 

Fig. 14. A part of the corallum. 

15. Calices : magnified. 

16. A calice with an aborted columella : magnified. 

Genus ASTROCCENIA, M. Ed. $• J. II., amended. 

1. Astrocxesia Blasfobdi, Duncan. Plate XV, Figs. 1-5. 

There are some very remarkable corals in the Ranikot group of the Sind Tertiaries 
belonging to the genus Aslroecmia, which are circular at their concave and epithecate 
base, and which are produced upwards in the shape of a stump or stalk ; others 
have a convex upper surface, and some arc intermediate. The calices in all are 
large, and the septal number is ten, any addition being rare and, in fact, doubtful. 
The growth of the corals is at the circular edge of the corallum ; but every now and 
then a bud is formed on the united margins of three or four calices. In some there 
is a disposition to show the Styloccenian peculiarity; but it is a matter of normal 
growth, and not of the development of aborted buds with costa? on them. The 
stalk is the remains of the young coral, which lias grown more in height than in basal 
breadth. 

The type of this little group of the genus is Astrocmtia Blanfordi, and the follow 
ing is the description : — 

The corallum is large, circular at the base-edge, where it is thin and crowded with 
small calices ; the upper surface of the corallum slants upwards and inwards without 
greatly increasing the thickness until the " stalk " is reached, and this is cylindro-conical 
and slightly bent All the upper surface and the stalk are covered with subequal hexa- 
gonal, rounded, and irregular-shaped calices. The base is concave, and has a dense 
epitheca showing circular folds, ridges, and depressions, the cost® being barely visible. 

The calices, when hexagonal, have four sides larger than the other two, and are not 
deep. The intercalicular space is narrow, and has on it a wavy ridge, on which the 
septa of neighbouring calicos sometimes unite. 

The columella is small, free above, styloid, and sometimes elongate in the direction 
of the long axis of the calices, but usually it is nearly circular in outline. 

The septa are ten in number, nearly equal, small, slightly toothed, narrow, and 
wide apart ; they are not exsert, but dip down at once into the calice, not filling it 
much ; and two often unite before reaching the columella. All the others reach the 
columella, which in some calices has a kind of swelling or collar, just above the septal 

o 
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junction. In one specimen there is a single large calice, in the midst of others of the 
usual kind, which has twenty septa ; hut it appears that ten of them reach the colu- 
mella fairly, the rest joining others close to it. Nevertheless the presence of rudimen- 
tary septa between the usual ten, in ordinary caliccs, is not noticed. 

The width of the base is 2 iuches ; the height of the corallum is 1 J inch, and that 
of the corallum from the margin to the base of the stalk is A inch. 

The calices differ in size, but seven of them are included in 1 inch of length. 
The solitary large calices are inch long and very shallow. 

Locality. Three miles west of Lynyan, Kanikot group. Survey-number G f 32. • 

Illustrations of the Sjtecics in Plate XV. 

Fig. 1. The corallum : natural size, side view. 

2. The corallum from above. 

3. The base, part of: slightly magnified. 

4. Calices: magnified. 

5. Side view of a dentate septum : magnified. 

Amooanrii Blanfordi, Duncan. Variety. 

This variety has only a short stump instead of a stalk ; and the calices, hexagonal 
as a rule, are elongate radially, and the short sides are therefore internal and external. 
It is from the same locality as the type. 

2. Astrocxenia cellulata, Duncan. Plate XIV, Fig. 7. 

The corallum is circular in outline, and is short, being very slightly convex above, 
and furnished with a complete epitheca with concentric folds below. No costas are 
visible. 

The calicular surface is crowded with small calices, which are shallow and pen- 
tagonal, hexagonal, or deformed in outline. A raised margin separates the calices, 
whose septa arise from it, and there is a ledge of endotheca, resembling an inner margin, 
one third or midway between the calicular marginal edge and the columella. There 
are usually ten distant, thin septa, which pass from the margin over the ledge to 
the small, rather compressed, styloid columella. In a few calices a rudimentary septum 
exists, here and there, between the others. 

Length of corallum not quite an inch; height, extreme, ^ inch. Breadth of 
calices -jV to -Jj inch. 

Locality. Jhirk, in the Kanikot group. Survey-number (J \ fj,. 

Illustration of the Species in Plate XIV. 
Fig. 7. Calices : magnified. 

8. Astbooojnia nana, Settss. Plate XV, Figs. 10, 11. 

A specimen of a small-caliced Astrocu-nian, smaller than the type from Monte 
dellc Carrioli described by my lamented friend A. E. Keuss (in his ' Paliiontologische 
Studieu fiber die altcren Tcrtiarschichten der Alpen,' pt. 1, 1868, p. 40, Vienna), is a 
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considerable block of massive coral covering many inches of surface and some of 
height. 

The calicular surface is piano or slightly undulating, and the calices are close 
together, small inch), and the columella is distinct, rather large, and is met by eight 
equal septa. These have a paliform enlargement a little remote from the columella ; 
and there are eight minute spinosc-looking intermediate septa. 

Locality. Jhirk, Ranikot group. Survey-number G fj^ a . 

Illustrations of the Species in Plate XV. 
Fig. 10. A piece of the corallum. 
11, Calices: magnified. 

4. AsTBOOEXiA gibbosa, Duncan. Plate XII, Figs. 7-10. 

The corallum is massive, concave beneath, where it covered shells and other foreign 
substances, and gibbous and rising centrally in a nodular form above ; it is thick, and 
the crowded corallites are tall. 

The calices are circular and rarely polygonal, are separated by granular cccncn- 
chyma, or by a ridge, or they may be close and without any intermediate cocnenchyma, 
according to the growth. A subreticulate appearance is sometimes produced by the 
prolongation of the short coste reaching the intercnlicular ridge. 

There are eight septa, which are subequal, with a convex and arched outline where 
free above ; they are stout near the margin and smaller at the columella. No other 
septa are seen, except in very rare instances, and their existence is exceptional. A costa 
frequently exists between those of the septa. 

The columella is stout, styliform, prominent and rounded above, and it is furnished, 
as it were, with a collar at the place where the septa join it. 

Very small calicos have the eight septa. 

The endotheca is largely developed and is close. 

Breadth of the corallum S inches and more ; height 2 inches. 

Where the inter calicular tissue is well developed there are about five calices and 
their intermediate tissue in J an inch of length ; but when the calices are close there 
arc about eight in the same space. 

Locality. Jhirk, in the Ranikot group. Survey-number G 

Illustrations of the Species in Plate XII. 
Fig. 7. The corallum. 

8 & 9. Calices with intermediate tissue: magnified. 
10. Side view of a septum : magnified. 

5. ASTitocxENiA ramosa, Sowerby, variety minor. Plate XII, Figs. 11, 12. 

Some portions of small broken branchlets, with the usual tuberose outlines of the 
West-Indian varieties of the type, are found in the Ranikot group of strata south-west 
of Jhirk. 

The specimens vary from the tvpc in having smaller calices, the calicular margin 

o2 
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of one calico being separated by a farrow from its neighbour and preserving a circular 
outline, and the branches are very small. As is common in the type, there are eight 
primary septa which reach the columella, even in corallitcs just budded, and eight small 
ones. The costa? on the flat wall are nearly equal. The columella is large. 
The calif -es are usually 4 l 0 inch broad. 

This species has varieties in the Eocene of St Bartholomew in the West Indies 
(P. M. Duncan, Quart. Joura. Geol. Soc. 1873, vol. xxix. p. 554); and the type is a 
Cretaceous form from Gosau. 

The Astrocamia nana of Reuss, from the Eocene in the older Alpine Tertiaries, is 
the nearest ally to the form ; but it has no intermediate area between its caliccs, and 
it is massive and not ramose. 

Locality. South-west of Jhirk, Ranikot group. Survey-number G Jjjf. 

Illustrations of the Variety in Plate XII. 
Fig. 11. The corallum. 

12. Calices: magnified. 

Genus ISAST1LEA. 

Iwgtnca, 31. BJ. $ J. 11. op. tit. vol. ii. p. 520. 
1. Isastr£a punctata, Duncan. Plate XVIII, Figs. 10-13. 

The corallum is very short, and has an epithecate concave base, circular in outline, 
and marked with growth-rings. The calicular surface is slightly convex ; the calices are 
small, crowded, hexagonal, and shallow. There are twenty-four septa, which are sub- 
equal, and their worn spines give a punctate appearance to them. 

Height of corallum ^ inch ; breadth jfe inch. The caliccs arc about two in tV inch. 

Locality. Ranikot group, hilly ground N.E. by E. of Petiani. Survey-number 

cm- 

Illustrations of the Species in Plato XVIII. 
Fig. 10. The corallum from above: natural size. 

11. The base: natural size. 

12. Calices: magnified. 

13. Side view of the corallum. 

Genus ASTILEA. 

Astroa, if. Ed. Sf J. II. op. ext. vol. ii. p. 50*5 (Siilirattraa, Blainr.). 
1. Asthea Moeloti, Reuss (small variety). Tlates VII, Figs. 15, 16. 

Reus 8 described a massive Astraa from Oberbnrg, in Steiermark, in one of his 
celebrated essays on the Upper Eccene Coral-faunas of continental Europe; and a form 
from the Ranikot group must be associated with it, as a variety with smaller calices and 
from 24-30 septa. (Reuss, " Die fossilen Forainiuiferen, Anthozoen, &c. von Oberburg." 
Denkschriften der kaiserlichen Akad. dcr Wissenschaften in Wien, 1864, p. 23 : Astraa 
Morloti, plate 6. fig. 1.) 
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In the Sindian specimen the upper surface of the coralluni is flat and covered with 
calicos about inch broad. The septa are crowded ; many reach the papillary cost® 
or have a palus before them; some, in rare instances, enter neighbouring calices. 
The fossa is shallow, and the calicular margins are rather flat. 

Locality. Three miles south-west of Jhirk, Ranikot scries. Survey-number G ff$. 

Illustrations of the Species in Plate VII, 

Fig. 1 5. The corallum : natural size. 
16. Some calices : magnified. 

Genus FIROXASTRJEA. 
Pironaotrtea, D'Achiardi, Cvralli eocen. rfi Friuli (PUa, 1875). 

1. Fironaj5TR£a Indica, Ihincan. Plate VII, Figs. 17-19. 

The corallum is thin, flat, discoid, and the calices arc in concentric series, each series 
being represented by a slight swelling or outline which usually is marked by costsc. The 
calices are distinct as a rule, but sometimes are slightly confused; they are small, and 
the septo-costre join frequently before reaching the empty axial space. The costa? are 
subequal, bifurcate, and trifurcate, or are straight for some little distance. The septa 
are also subequal and small. Eight or nine septa reach the axial space, and twenty- 
four or more costo-septa enter into the calicular system. There is no columella. The 
base is ringed with depressions and elevations, and is marked with very fine circular 
costal stria;. The epitheca exists, and synapticulae are numerous between the cosUB 
inferiorly. 

Breadth of corallum (originally) 2^ inches ; thickness ^ to inch. 
Locality. South-west of Jhirk, Ranikot group. Survey-number G f-§ f . 

Illustrations of the Species in Plate VII. 

Fig. 17. The corallum. 

18. Calices: magnified. 

19. The base of the corallum : nat. size. Outline restored. 

The genus is represented by a discoid form, closely allied to Pironastraa Indica, 
in the middle scries of the Eocene of Priuli, where other Sindian species have been 
discovered by D'Achiardi. 

Genua REUSSASTR.EA, D'Achiardi. 

Prof. Antonio D'Achiardi founded the genus Heiusastraa in memory of the 
late illustrious zoophytologist, A. E. Reuss. It includes Thamnastrceidce with a 
lamellar columella. (' Coralli eocenici del Friuli,' Pisa, 1875, p. 67.) 

1. Recssastrxa ukaxdis, Duncan. Plate X, Figs. 1-4. 

The corallum is very large, thin, very short, rather irregular on the surface, sharp 
at the edges, and covered with calices and cosUe above, and presenting costs on the 
base, with slight evidence of epitheca. 
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The calices are circumscribed, unequal in size, various in shape, and very irregular 
in their distance. The septa are few in number, alternately large and much smaller ; or 
they are in sets of fours, one septum being the largest, and the central of the three 
others is larger than those at its sides. The septa unite much close to the columellary 
space, and some are thick there. The columella is formed by the union of the septa, 
and where perfectly preserved is short and lamellar ; but the lamina forming its top is 
rarely preserved. The septa reaching the axial space may be 12, 1G, 18, 21, and 
rarely more in number. The costa? are alternately large and much smaller, and are 
separated by distinct and deep spaces with exothecn ; they are often very long, are 
usually wavy in their course, and in some places curve much and enclose a larger 
or smaller one. They are granular at the sides and edges, in well -preserved parts. 

The base of the coral is thin externally and stout where it probably rested; and 
the costse are long, straight, and unequal. Probably this genus will be included in 
the Fungithe. 

The length of the calices is about j% inch. 

Locality. South-west of Jhirk, Ranikot group. Survey-number G fff . 

Illustrations of the Species in Plate X. 

Fig. 1 . A calice : magnified. 

2. Calices: magnified. 

3. Costa: from the upper surface : magnified. 

4. Costce on the base : magnified. 

Family FUNGIBLE. 

Subfamily WrilOSERlSJC, if. Ed. $ Uaimt, op. eU. toI. iii. p. 35. 

Qenus PAC11YSERIS. 
FscbTteris, .V. Bt 4 BUM, op. tit. vol. iii. p. 85. 

1. Pachtseris Mubohiso.vi, D'Arckiac & Haime. Plate XTV, Figs. 3, 4. 

The generic and specific characters of this coral, given in the work on 1 Les Ani- 
maux Fossiles de l'lnde,' are seen in some specimens, which unfortunately are rather 
worn and over-wcathcred. Tn addition, it is shown from their consideration that the 
corallum is large, massive, flat, and not very thick. The series arc numerous, not much 
gyrosc, but bifurcating and short. Some calices arc limited. The collines are flat at 
the top and granular ; the side slopes with the opposite one of the same colline, form- 
ing a large angle. The scries arc not deep ; there is a false columella ; and the septa, 
alternately large and small, are risible, not very crowded, and about 1C to 20 are 
found in rather less than half an inch. The synapticula? are few and well marked. 

The corallum is many inches long and about an inch in height. 

Locality. Jhirk, Ranikot group. Survey-number G \ ; %. 

Illustrations of the Species in Plato XIV. 
Fig. 3. The upper surface of the corallum. 
4. A series: magnified. 
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Genus TBOCHOSEBIS. 

Troehonoris, M. Bt. f Haii»e, op. at. toI. iii. p. 57. 

L TbochoSeris DlFFORMis, lieuss. Plate XI, Figs. 9, 10. 

The corallum is irregularly conical, and expanded at the calicular margin, which 
is more or less lobed and stout. The corallum is free, and is covered with a dense 
epilheca, through which few costte are seen. 

The calice, irregular in shape, is elliptical on the whole, shallow, expanded, and 
with a long and deep axial space. The columella is rudimentary. The septa are 
exceedingly numerous and very unequal ; the smaller series are very frequent, and addi- 
tional septa of a higher order reach down by the sides of the three, which finally join 
and are ended by a palus. The septa are nearly or quite 400 in number. The synap- 
ticulce are very numerous, and there are bands of endotheca stretching from one 
series of septa to others. The septa are slightly granular. 

Height of corallum l T \j inch. 

Length of calice 1-^ inch. 

Locality. J lurk, Ranikot group. Survey-number Q 

This species was described by Reuss from Zovencedo and Monte Grumi in the 
Castel-Gomberto district ; and the Sind form resembles it, except in the depth of its 
calice (Reuss, "Palaont. Studien uber die tilt. Tertiarschichtcn der Alpen," Denkschr. 
der kaiscrlichen Akad. der Wisseuschaften in Wien, Abth. i. pp. 6, 50, iii. p. 25). 

1/ 1 list rat ions of the Species in Plate XI. 

Fig. 9. Corallum : natural size. 
10. Septa: magnified. 

Genu* CYATHOSERIS. 
QpthoMm, M. Ed. $ U. op. at. vol. iii. p. 69. 

L Cyathosebis oriextalis, Duncan. Plate VI, Figs. 7-10. 

The corallum is large and shorty and expands suddenly from a short, irregular 
pedicel ; and the upper surface is slightly convex, more or less circular in outline, and 
has lobed edges, which are thin. 

The calices, indistinct in their limits, are large, widely open, shallow, and are united 
laterally by a linear common wall, over which the septa unite ; they form rounded lobes 
at the edge of the corallum. The septa are numerous, and are alternately large and 
very small ; some are long, and others slightly shorter and prominent, and all rather 
depressed. They frequently curve laterally, and the larger have a paliform lobe ; and 
although all are thin, the larger become stouter near the axial space. In a rounded 
calicular edge, inch across, there are 48 septa. The septa arc profusely granular, 
and here and there the granules develop into synapticula;, which are best seen in lougi- 
tudinal sections. 

The columella is small and trabecular. The underpart of the corallum is 
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striated with costal markings on a rather undulating surface ; they are subequal, small, 
regular, and usually alternately large and a little smaller, especially near the margin ; 
but nearer the pedicel the striie are nearly equal. 

Height of corallum 1} inch ; breadth of upper surface 4£ inches. 

Breadth of the largest ealice inch. 

Locality. Jhirk, Kanikot group. Survey-number G \ %%*. 

Illustrations of the Species in Plate VI. 
Fig. 7. Side view of the corallum : natural size. 

8. Septa, magnified, showing synapticulee. 

9. Junction of septa on a colline. 

10. Costal stria of underpart : magnified. 

ELLIPTOSERIS, gen. nov. 

The corallum is simple, conical, compressed, with a largely open, elliptical calice. 
There are costa\ but no epitheca ; there is no columella, but an elongate and deep axial 
space. The septa are numerous, and the smaller join tho«e between them near the axial 
space. There are pali before the joined septa. Sj napticulte are numerous in the calice. 

1. Elliptoskuis afrrta, Duncan. Plate VIII, Figs. 3-6. 

The narrow peduncle presents traces of rupture from a former attachment. The 
costa> pass tip the conical and rapidly expanding body to the calicular margin, and are 
small, close, granular, and subequal. 

The calice is very widely open, and is slightly convex from the axial space to the 
margins. The septa are very numerous, close, crowded, and unequal ; the larger are 
thickest from the centre of the calice to the axial space, which they bound with per- 
pendicular edges ; they are thin externally and distinctly granular. There are many 
smaller septa, which are thickest at the margin, and become very thin near the axis, 
where they are joined laterally by still smaller ones ; after the junction, a palus, in the 
form of a rounded lobe, exists before them. Occasionally minute pali are found on 
the smallest septa. There are about 218 septa, and they are arranged in multitudes of 
sets of three small between two larger ones, a rudimentary septum existing also at the 
margin. The synapticula- are small and frequent. 

Height of corallum inch. 

Length of calice l T 7 u-inch; breadth of calice l-^ inch. 
Locality. Jhirk, Ranikot group. Survey-number G f J J„. 

Illustrations of the Species in Plate VIII. 

Fig. 3. The corallum : natural size. 
4. Septa and pali : magnified. 
5 & G. Septa : magnified. 
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Genus TURBINOSERIS. 

Turbinoaeria, Duncan, Quart. Journ. Owl. Soe. 1873, vol. «U. p. 55fl. 

1. Ti-bblxosbris Ranikoti, Duncan. Plate VII, Figs. 10, 11. 

The corallum is conical, compressed, and has a curved, rounded pedicel, with a scar 
of former adhesion. 

The calice is elliptical, with a sharp margin, a very deep fossa, an elongate axial 
space, and very numerous, close, unequal, non-exsert septa. The larger septa are stout 
and reach the axial space, which they bound with their perpendicular inner margins ; 
the next in size also reach the axial space ; others, large, do not pass in thus far ; 
and between the larger septa are three small and close ones, which sometimes reach 
halfway into the calice. The number of the series of these septa thus bounded is 
great ; and altogether there are about 288 septa, and they are finely granular on the 
sides, rounded and minutely granular above. The exceedingly close, small septa at the 
margin are connected by synapticulro. 

The costse are very numerous, corresponding to the large and small septa ; but they 
are subequal, small, slightly prominent and separate, and are minutely granular near 
the calice. Lower down they are closer, less projecting, less numerous, often wavy and 
granular, and they may be represented by rows of granules ; near the curved pedicel, 
and on it, they are more distinctly large and small, much fewer in number, and less 
distinct. The epitheca exists as ridges and as indefinite structure, in which the costE 
are faintly seen. Synapticuhe are exceedingly common between the costa>. There is 
no columella. 

Height of corallum 1^ inch. 

length of calice 2 inches. 

locality. Hills east of Lynyan, Ranikot group. Survey-number Q \ J?. 

Illustrations of the Species in Plate VII. 
Fig. 10. The corallum : natural size. 
11. The costa: : magnified. 

2. TuRBrsosERis EPiTnECATA, Duncan. Plate VII, Figs. 8, 9. 

The corallum is short, trochoid, compressed, with an incurved, small pedicel. 
The calice is widely open, elliptical, and slightly irregular in its margins, at the sides, 
where it is sharp and not rounded off. The septa arc in six cycle*, and are slender and 
alternately large and small ; usually there are three smaller between two larger septa ; 
they are often rather wavy, very exsert, and there are extremely numerous synapticula:. 

The costa are only visible close to the calicular margin, and for a short distance, 
perhaps tV inch ; and they merge into a dense, granular, broken-up-looking epitheca, 
which covers all the rest of the corallum, having here and there indications of 
costal strim. 

Height of corallum ^ inch. 

ii 
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Length of calicc 1V* 0 - inch. 

Locality. Three miles west of Lynyan, Ranikot group. Survey-number G \ f£.. 

Illustrations of the Species in Plate VII. 

Fig. 8. Part of the epitheca : magnified. 
9. Septa : magnified. 

A variety of this type has a larger corallum, nipped in at the sides, and with a 
nearly rounded-off base, with barely a vestige of a peduncle. The costal lines arc 
visible, underlying the epitheca, or more or less uncovered by it. 

It is from the same locality. 

S. Tubbixosehis Haiuei, Duncan. Plate VII, Figs. 4-7. 

The corallum i9 simple, short, conical, turbinate, compressed, and has a much-bent 
and incurved pedicel. The cnlicular surface is long, elliptical, slightly reentering at 
one spot, and on an even plane. The margin is rounded ; the axial fossa is long and 
deep, and the septa dip down into it. 

The septa are numerous, close but not crowded, slightly exsert (especially the 
larger), and alternately large and small. There are numerous arrangements of eight 
septa, one being large and long, an intermediate shorter, two others are on either side, 
less large and long, and there are four small and short intermediate lamina?. There arc 
six cycles of septa. 

There is no columella, and the synapticute are rather numerous. The coste are 
markedly alternately large and small, prominent and low, and they are so over the 
whole of the inferior portion as well as above. 

The direction of the costa; is peculiar : on the surface opposed to the curvature 
of the pedicel they are parallel, and reach in right lines from the calicular margin to 
the pedicel, converging gradually and diminishing in number ; but the costiv of the 
sides of the coral do not converge to the pedicel, they pass obliquely backwards and join 
the outer costa: of the portion just mentioned along a broad line. The costa: are most 
prominent near the margin ; a few synapticula: exist between them. There is no 
epitheca. 

Length of the calice 1^ inch ; breadth of the calice 1 inch. 



Height of the coral T " 0 inch. 

Locality. Three miles west of Lynyan, Ranikot group. Survey-number G \ JH 



Illustrations of the Species in Plate VII. 
Fig. 4. The corallum, natural size, in outline. 
5. Side view. 
G. The septa : magnified. 
7. The junction of the costa: : magnified. 



4. TiRDiNosEiiie Indica, Duncan. Plate VII, Figs. 1-3. 

The corallum is simple, short, conical, slightly curved, and pedicellate below, and 
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largely expanded at the elliptical shallow calicc, which has a waved margin. The pedicel 
broadens out rapidly, and is slightly bent in the plane of the minor axis. The costs 
are subequal, minutely granular above, barely projecting, and their surface here 
and there merges into a kind of broken granular opitheca. Near the calicular 
margin the costs are the most distinct ; and close to it they become more prominent, 
granular, and alternately large and small, and slightly more separate. There is an 
obliquity of their direction in some places. A few synapticuls exist between some 
of the costs. 

The colice is open, shallow, and usually has an incurved margin. The septa are 
very numerous, close, alternately large and small, long, level, granular, and without any 
definite cyclical arrangement ; they join by their sides towards the centre of the calice, 
and the smaller are wavy. A false columella is formed by the septal ends. There are 
about 192 septa, and the synapticuls are numerous and slender. 

Breadth of calicc 1 A inch ; length of calice 1 flj inch. 

Height of corallum inch. 

Locality. Three miles west of Lynyan, Ranikot group. Survey-number G f-fjf.. 

Illustrations of the Species in Plate VII. 
Fig. 1. The corallum : natural size. 

2. Costas: magnified. 

3. Septa and synapticuls : magnified. 

5. Tcrbinoseris eleg.vxs, Duncan. Plate XVI, Figs. 3, 4. 

The corallum has a widely open, irregular-shaped calicc, and a more or less conical 
base. The axial space is elongate, and there is a region around it where there is a 
kind of indistinct fossa ; around this the calice is undulating, more or less, to the everted 
margin. 

The septa are very numerous, close, small, often curved, and a few reach the 
long axial space. Somo of these are larger than the others, and between them there 
arc smaller septa, and to these still smaller unite. All arc stouter externally, and at 
the everted edge become covered with epitheca. At the margins the larger and broadest 
septa, after passing inwards, unite to form the surface near the axial space. There 
are more than six cycles of septa. Synapticula; arc seen at the edge ; and the epitheca 
is dense, plain, or slightly and irregularly granular. 

Height of the corallum from the base is l^j inch, and the greatest diameter of 
the calicc 2j* 0 inches. 

Locality. Jhirk, in the Ranikot group. Survey-number G ffi-.. 

Illustrations of the Species in Plate XVI. 
Fig. 3. The corallum, side view : natural size. 
4. Some septa : magnified. 

These species of the genus Turbinoseris are more or less allied to those found in 
the Eocene of St. Bartholomew, West Indies. The genus does not appear to have 
European Tertiary allies. 

h2 
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Oeims CYCLOLITES. 

Cycloiilcs. famarcl; Sutt. da Auim. t. Vtri. p. 369. 

1. Ctllolites alpixa, IfOrbigny sp. Plate XIII, Figs. 8, 9. 

This European Eocene coral is noticed by D'Orbigny as Funginella alpina, l'rodr. 
de Paleont. t. ii. p. 403 (1850). Subsequently Milne Edwards and Jules Haime 
noticed it as a doubtful CycMites in 1851 ; and, finally, J ules Haime determined this 
to be its proper generic position in 1854. 

The specimen from Sind is from the Ranikot group, three miles west of Lynyan. 
Survey-number G jf §t. 

It is a broad and very shallow form, with thin margins. The lower surface is 
slightly projecting at the position of the peduncle, and shows feeble circular ridges 
of epitheca. The epitheca is delicate and permits the costffi to be seen. The upper 
surface is very flat. The septa are very numerous, crowded, and unequal ; there 
arc more than six cycles of them. The coral is circular in outline. The breadth of the 
calice is lft inch and the height about ft inch. 

Illustrations of the Species in Plate XIII 

Fig. 8. The corallum : natural size. 
0. Septa: magnified. 

2. Cvcloute.s Ra.mkoti, Dunoon, Plate XVII, Figs. 5, 6. 

The corallum is circular in outline and concave below, where there is a feeble 
epitheca barely marked with concentric rings. Above, the coral is slightly convex, 
with rather a blunt marginal edge. The fossa is very small and circular. The septa are 
thin, not very close (for the genus), furnished with numerous and visible synapticula?, 
unequal, usually straight and plain, having a sharp keen edge. The smaller septa cling 
to the margin, and the larger are broadest near the fossa ; and there are in all from 
280 to 300 septa. 

Height of corallum ft inch ; breadth ft inch. 

Locality. Three miles west of Lynyan, Ranikot group. Survey-number G ?*§». 

Illustrations of the Species in Plate XVII. 

Fig. 5. The corallum, side view : magnified. 

G. Some septa, magnified, showing synapticuhr. 

Cyclolitkh Ra.mkoti, Duncan. Variety. 

A variety of the species occurs at Jhirk, in the Ranikot group. Survey-number 
G f f °i. It has smaller septa, which are rounded where free, instead of being sharp- 
edged ; moreover, the septa are dentate in the fossa. 

3. Cyclolites crexvlata, Duncan. Plate XVII, Figs. 3, 4. 

The corallum is circular in outline, flat beneath, and is marked with a strong 



\ 



Digitized by Google 



ALCYONARIA OF SIND. 



59 



cpithcca with bourrelets. The upper surface is slightly convex and has a small 
circular fossa. The septa arc unequal, close, about 280 in number, thicker near the 
fossa than elsewhere, and the free surfaces of all arc distinctly ornamented with a flat 
crenulation, the lines of which arc across the septa, making a great number of rectan- 
gular, square, and irregular markings. The septa pass deeply down the sides of 
the fossa. 

The height of the coral is under -fa inch, and the breadth is ^ inch. 
The locality whence this fossil was derived is the hills east of Lynyan, in the 
Ranikot group. Survey-number G *f?. 

Illustrations of the Specks in Plate XVII. 
Fig. 3. The coral, side view: magnified. 

' 4. A portion of the calicular part: magnified. 

4. Ckxolitks Vicabyi, Haime. Plate XVII, Figs. 1, 2. 

This was the only Cyclolito described by D'Archiac and Haimc (op. cit. p. 192) ; 
and the following is the diagnosis: — 

The corallum is circular in outline and short ; the inferior face is concave and 
covered with a well-developed cpithcca, marked with slight concentric " bourrelets" and 
having a slight median projection. The upper surface is slightly convex, with a shallow, 
circular central fossa. There appear to be six cycles of septa complete ; all the septa 
are very close, very thin, straight, and subequal. The height is less than £ inch and the 
diameter about | inch. 

In the magnified view of the calicular surface (plate xii, fig. 8 b) D Archiac and 
Haime indicate a moniliform condition of the free edges of the larger septa, and 
that whilst the majority of the septa do not reach more than halfway to the central 
fossa, a number of systems do, and that they consist of two larger septu with three 
smaller between them, and of these three the central one alone passes to the fossa. 
These are important additions to the diagnosis, especially when at least eight other forms 
of closely allied Cyclolites are found in Sind. 

In the two specimens collected by the Indian Geological Survey from three miles 
west of Lynyan, Ranikot group (Survey-number ^ftfr)» the breadth is greater than in the 
type in one, and the height in relation to the proper breadth is less in the other. The 
general septal arrangement is seen, and the faint crenulation and beading of the larger 
septa also ; but the smaller septa have minute tubercles on them. The synapticuke are 
well seen, and in one specimen some of the largest septa meet on the floor of the fossa. 

Specimen 1. Breadth | inch, height rather less than \ inch. 

Specimen 2. Breadth 1,^ inch, height i inch. 

Illustrations of the Species in Plate XVII, 
Fig. 1. Side view of the corallum: magnified. 
2. The septa: magnified. 
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5. Cycloutes a.vomala, Duncan. Plate XVII, Figs. 13, 14. 

The corallum is circular, thin, barely convex ahove, with a shallow fossa. Below 
it u flat with a median projection, and the epitheca is marked with concentric rings. 
The septa are numerous, not very close, thin, plain, unequal, and there is much union 
of groups of them near the fossa, into which depression very few enter. 

Height inch ; length -fg inch. 

Locality. Jhirk, in the Kanikot group. Survey-numbcr G?#f.. 

Illustrations of the Species in Plate XVII. 

Fig. 13. The coral from above. 
14. Some septa : magnified. 

6. Cycloutes hiperba, Duncan. Plate XVII, Figs. 11, 12. 

The coral is elliptical in outline, very concave inferiorly, and nearly hemispherical 
above. The epitheca is stout and marked with concentric rings ; and the fossa is small, 
shallow, and slightly elliptical. 

The septa are very numerous, very unequal, and those which reach over the half 
distance to the fossa are spined bluntly when large and sharply when small. The 
synapticulse arc numerous. 

Height rather over inch ; length of base l-j" ff inch, breadth 1y\j inch. 

Locality, Three miles west of Lynyan, Kanikot group. Survey-number G f-$g>. 

Illustrations of the Species in Plate XVTI. 
Fig. 11. The coral, side view. 
12. Some septa: magnified. 

7. Cycloutes Haimei, Duncan. Plate XVII, Figs. 9, 10. 

The corallum is slightly elliptical in outline, decidedly convex above, with a large 
shallow fossa, which is nearly circular. The base is rather flat, but is slightly concave 
in the middle, and the epitheca is moderately stout and faintly marked concentrically. 
The septa arc unequal, numerous, about 280 in number, close at the margins, not 
crowded elsewhere, rather thin, separate, and all except the smallest are ornamented on 
the edge with minute, rounded, and sharp spines. The synapticuke arc numerous and 
visible. 

Height of coral inch; length inch; breadth inch. 

Locality. Three miles west of Lynyan, Ranikot group. Survey-number G f f#». 

Illustrations of the Species in Plate XVII. 

Fig. 9. The coral : natural size. 
10. Some septa: magnified. 

8. Cycloutes Alt.willensis, Defiance. Plate XVI, Fig. 11. 

This Hauteville type is present in the Sind Eocene coral-fauna of Jhirk. The base 
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is slightly convex and has been pedunculate ; it is feebly epithecate. The margin is 
slightly crested ; tho colice is circular, subrlexuous ; and the fossa is circular. The septa 
arc very numerous, even in the young form. 

Locality. Jhirk, in the Rauikot group. Survey-number G ?f Jj. 

Illustration of the Species in Plate XVI. 
Fig. 11. The corallum, natural size, side view. 

9. Cyclolites striata, Duncan. Plate XVIT, Figs. 7, 8. 

The corallum is circular in outline, nearly flat inferiorly, where the epitheca is 
ringed concentrically, and very slightly convex above. The fossa is very small and rather 
oval, and not very deep. The septa are exceedingly crowded and close, so as to present 
the resemblance to a series of radial striations ; they are very thin, equal, excepting 
the higher orders, close to the margin, and plain, and arc about SCO in number. 

Height of coral slightly over ^ inch ; breadth of the base 1 inch. 

Locality. Jhirk, in the Rauikot group. Survey-number G \\^. 

Illustrations of the Species in Plate XVII. 

Fig. 7. Corallum from above : natural size. 

8. Part of the upper surface, near the edge: magnified. 

The presence of nine species of the genus Cyclolitcs, including the European 
Cyclofites atpina and CycMitcs Altani/lensis, in the lowest Tertiaries of Sind, is very 
interesting, for it stamps the coral-fauna with an Eocene facies; and this is rendered 
most decided by the presence of some other species common in the Nummulitic strata 
of Europe. 

Genua TIIAMNASTILEA, Lesauwge, amended. 

1. Thamnastujja Balli, Duncan. Plate XIX, Figs. 1-3. 

The corallum when full-grown is very large, massive, convex above, fungiform, with 
a low, broad stalk having a broad base. In young forms the coral is very convex above 
and intrusting or concave below, and is thin. 

The convex upper surface is covered with vast numbers of very small, shallow 
calices, connected by long and very converging, narrow linear costa;. The small size of 
the costa? is very striking in relation to the great dimensions of the corallum ; and the 
restricted calicular areas and very superficial and extremely shallow fossa: are equally 
characteristic. Some six or seven septa really touch the small rudimentary columella, 
and each is formed by several septe-cosuc ; but they arc all nearly equal in thickness, 
and are not close. There may be from sixteen to thirty-six of these joining septa, all 
being of different lengths and entering into the composition of other calices also. 
The synapticukc are very numerous. 

In some parts of this remarkable coral the calices become elongate in one direction, 
and a long septo-costate columella, joined by many septa, results. 
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length of three calices and their costm about -fa inch. 
Height of the full-grown corallum 2£ inches ; breadth inches. 
Locality. South-west of Jhirk, Ranikot series (Survey-number G and at 

Jhirk (Survey-number G fffj. 

Illustrations of the Species in Plate XIX. 

Fig. 1 . A small corallum : natural size. 
2. Calices : magnified. 
S. A long calico: magnified. 

Group MADREPORARIA PERFORATA. 

Family MADREPOSIDM 
Subfamily EUPSaMMTXKjS, if. FA. $ J. ff. 
Genus STEPHANOPHYLLIA. 

Stophanophyllia, Midulm, nrtidt Astrce. Pirtionnnire <lts Scvnet* XtU., SnjipUm. vol. i. p. 434. 
1. Stephanophtllia I.NDiCA, Duncan. Plate VIII, Figs. 7-10. 

The corallum is almost hemispherical, but is slightly depressed at the columcllary 
portion. The base is circular in outline, slightly concave, and no traces of costaj are 
visible : there appears to be a perfectly plane surface. 

The margin of the corallum is marked by trabecular and the origin of the septa, 
and there arc about three rows of the horizontal series of them. The columollary space 
is flat, trabecular, and circular in outline. The septa are in six systems of four cycles : 
the primaries are the longest, and are separated from the others ; the secondaries, not 
so stout as the primaries, arc nearly as long, and are joined by the tertiaries not far from 
their axial end ; and the higher orders unite to the tertiaries about midway in the calicc. 
Usually each septum is the result of the union of two trabecule at the margin. The 
largest septa are straight and stout, and they have minute granules on their sides and 
upper margin. 

Breadth of the corallum ,' ff inch ; height inch. 

Locality. Jhirk, Ranikot group. Survey-number G *§f„. 

Illustrations of the Secies in Plate VIII. 

Fig. 7. Side view ! natural size. 

8. The corallum, from above. 

9. The calicular surface : highly magnified. 

10. The trabecular septa of the edge : highly magnified. 

This small Stephanophyllian is remarkable for not having the costulate base seen 
in all other species ; but it is possible that the form is seated on a thin foraininifcr. 
The large size of the trabecular columella distinguishes it from Stephanophgllia Jiower- 
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banki of the British Lower Chalk, whose septa are more curved and granular. It is 
nearer the Cretaceous species than StepJuinophyllia discoides, M. Ed. & 11., from the 
London Clay. 

Family POSITID^E. 
Genus LITHARJEA, M. Ed. & J. B. 

Lithane*, M. Ed. 4- J. 1!., op. cit. p. 22. 

1. Litiiabjia graitoe, Duncan. Plate XI, Figs. 11, 12, 13. 

The corallum is elliptical in shape, convex above, and flat at the edge and concave 
in the middle below. The calices are large, hexagonal, or irregular in size and shape, 
and are shallow. The margins arc stout and trabecular and arc irregular in outline, 
angular or circular, being occasionally produced. The septa are stout, distant, plain, 
often wavy, and the larger form a trabecular columella with their inner ends; the 
secondaries and tertiaries often join. There arc twelve largo and twelve smaller septa, 
more or less developed in different calices. The lamime are not very perforate. The 
floor of the calicular fossa is closed by dissepiments, which are not very perforate. 

The base of the coral has no epitheca, but the costre and an exotheca exist there 
in abundance. 

The length of the corallum is Z\ inches, the height is rather over 1 inch. The 
breadth of the largest calico inch ; -fe inch is a common length. 

Locality. South-west of Lynyan, Ranikot group. Survey-number G 

Illustrations of the Species in Plate XL 

Fig. 11. Side view of corallum. 

12. Costa;: magnified. 

13. Part of the base : magnified. 

This species is closely allied to Lithara>a epithecata, nobis, from the Cretaceous 
olive shales of Jakhmari, described at p. 23. The absence of a definite epitheca and 
the size of the calices constitute nearly the only distinction, but it is a fair one. 

Geuus PORITES, Lamarck. 
1. Pouites 8UPERPO8ITA, Duncan. Plate XIV, Figs. 5, 6. 

The corallum is in the shape of an irregular nodule, with a small elliptical base, 
swollen and constricted sides, and a tumid convex upper surface. Lines of superposi- 
tion occur, and the coral consists of a number of layers, one over the other, or of a 
central mass whose sides have grown in layers irregularly. The calices are not 
crowded, aro but slightly polygonal, and often circular, for there is an unusual amount 
of trabecular tissue at the wall. The septa are close and crowded, rather short, not 
much thicker at the margin than within, irregular in their size and direction, many 
joining others ; there are 24 of them, and pali exist in the form of bead-like points, 

I 
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the columella being scarcely distinguishable from them. The trabecule are close, and 
the septa are not very perforate. 

Height of corallum 1 , 4 0 inch ; breadth 1 inch ; length 1 * a inch. 

Breadth of a calice fa inch. 

Locality. Jhirk, Ranikot group. Survey-number G \ ^ 

Illustration* of the Species in Plate XTV. 

Fig. 5. The corallum : natural size. 
6. A calice: magnified. 

List of Species from the Ranikot Series which have been found elsewhere. 

1. Plocophyllia Jlabellata, Reuss. From the district of S. Giovanni Ilarione, 
between tho Valle di Chiampo and Montebcllo, Alps, Europe. 

2. Diploria fexuo&issinut, D'Ach. S. Giovanni Ilarione. 

3. Astrocamia nana, Reuss. Monte delle Carrioli, Castel-Gomberto district. 

4. Astraxi Morloti, Reuss. Oberburg, Stciermark. 

5. Trochoseris difformis, Reuss. Castel-Gomberto district. 

6. Cyclolites alpina, D'Orb. Eocene of St. Bonnet, Faudon. 

7. Cyclolites Altavillensis, Defr. Eocene, Hautevillc. 

Alliances of some of the Species found in the Ranikot Series with those 

of remote Areas. 

1. Trochocyathus corbicula, Duncan, to Trochocyathus siiiuosus, Brogn., Eocene of 
La Palarca and Friuli. 

2. Blagrovia simplex, Duncan, to Smilotrochus iiicunus, D'Ach., from S. Giovanni 
Ilarione, Alps. 

8. Stylina ficussi, Duncan, to Stylince from Castel-Gomberto, but slightly only. 

4. Styloccenia maxima, Duncan, to Stylocania macrostyla, Reuss, from S. Giovanni 
Ilarione. 

5. Plocophyllia Sindiana, Duncan, to Plocophyllia gregaria, Reuss, from S. Gio- 
vanni Ilarione. 



Total number of species of fossil Corals from the Ranikot series, 50. 

Species identical with those of European Eocene deposits containing Nummulites 
planulatus and Cerithimn gigantcum, 7. 

Species allied closely to those of European deposits on the same and on slightly 
higher horizons, 5. 

The most coralliferous strata in the Rauikot scries are :— at Jhirk ; south-west of 
Jhirk ; hills east of Lynyan and west of Lyuyan ; Vero plain east of Kandaim ; and 
hilly ground north-by-east of I'ctiaui. 
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VIII. Description of the Fossil Corals from the Khirthar Series in the . 

Dejmits of Sind above the Ranikot Series. 
Of the sixteen species derived from localities in the Khirthar series, ten come from 
strata so high up that it is not satisfactorily determined whether they form the top of 
the Khirthar series or the base of the Nari series. 

List of the Species of Madreporaria or Stony Corals from the Khirthar Series of Sind. 

Section XADBEPOBABIA 

Ch<mp MADREPORARIA APOBOSA. 
Family TURBIXOLIDJ2. 
Subfamily Taocuocr ATH AC E «. 
TToehocvaihua nummulitieuR, Duncan. | Leptocynthus epithocaia, 



Traiuitwn-yroup STTLOPHOBISil. 



Family ASTRASIDA?. 



Montliraltia Indica, Duncan. 
Calamophvllia Indica, Duncan. 
Latinueandra insipnis, Duncan. 
Hydnnphnra M»)iri«*n*i«, Duncan. 
Faria 



Subfamily Abtb.bacb.1. 

Fa via pedonculata, Duncan. 
Astrocccnia numisma. Dtfranc*. 
IuMtrtra irregularis, Duncan, and a 
Ptoraatnca iiurabili«, Duncan. 



Qroup MADREPORARIA PERFORATA. 
Family PORITIDA1. 

Poritea Indica, Duncan. | Porito* Pollofirinii, DAchianli. 



Section MADREPORARIA. 

Group MADREPORARIA APOROSA. 
Family TURBIXOLID.E. 

Subfamily TR0C110CYAT11ACEA?. 

Genus TROCHOCYATIIUS, M. Ed. <£• J. E. 
1. Trochoctathus yrMMUUTlcuSs Ihincan. Plate IV, Figs. 1-3. 

The corallum is cyclolitoid in sha[>e, circular in outline, depressed centrally at 
the axial space, slightly convex to the margin, very short, and either very slightly 
convex inferiorly or concave. The base is attached to a small Nummulite, and hag a 
delicate epitheca, through which the costac can be seen. The costaj are straight, 
numerous, unequal, and many reach the point of attachment, and there are three 
smaller ones between each pair of the longer. 

The edge of the calice is perpendicular for a very short distance, and there the 
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cartas are well seen; they arc sharply granular laterally, and not very unequal in size. 
The smaller turn over the upper edge of the margin, and correspond with small septa 
which do not reach far inwards. 

The calice, widely open, is crowded with septa and pali very closely placed. The septa 
are thin, moniliform from ornamentation at the edge, and unequal in length. There are 
five cycles, and all the orders except the highest have pali. The principal cycles are 
equal, but the primaries and secondaries have not the largest pali, and do not correspond 
with the largest costa;. The largest pali are long, stout, low, arched, and are higher than 
the septa, and they reach far towards the margin ; the others arc elongate ovals in shape. 

The sides of the septa are granular. The axial space is circular in outline, 
moderately deep, and there is no columella. 

The height of the coral is inch, and the breadth of the calice is rather more 
than ^ inch. 

In some of the corals the epitheca is dense, and the basal surface is concave, and 
the whole is not so bulky as in the type. 

Locality. Oagar hill, east of Surjdna, Khirthar group. Survey-number G \^\. 

Illustrations of the Species in Plate IV. 
Fig. 1. The base of the coral : natural she. 

2. The base: magnified. 

3. The calice : magnified. 

Genus LEPTOCY ATH US, M. Ed. d- J. II. 

Leptocyatlius, M. if J. II., <$>. tit. vol. ii. p. SO. 
1. Leptocyatiius epitiiecata, Duncan. Plate IV, Figs. 4-7. 

The corallum is discoid, flat beneath, swollen at the margin, and with a sunken 
central fossa. Frequently attached to a Nummulite, the base is marked with linear 
cosUe, and usually three small ones are placed between a pair of long ones, all being 
more or less masked by a pellicular epitheca which reaches to the edge of the calice ; 
there the costa? project rather unequally, the primaries and secondaries being the most 
prominent. As they form the flank of the coral they become arched, distinct, granular, 
and preserve their arrangement in size. The septa correspond with the costa;, and the 
larger are exscrt, arched above, very granular laterally, and long ; they pass down- 
wards, diminishing in size, to the axial space, where small broken-granular-looking pali 
terminate them and merge into a central columella. The middle septum of the three 
smaller between the pair of larger septa reaches far towards the centre, and the others 
less so, and the larger only have pali. The smaller series are not so high or arched ; but 
all are granular laterally, and in some places the granules unite, simulating synapticukc. 

Height of the coral fa inch. Breadth of calice iuch and less. 

Locality. Gagar hill, Ivhirthar series. Survey-number G ^JJ. 

Illustrations of the Species in Plate IV. 
Fig. 4. The base : natural she. 
5. Ditto: magnified. 
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Fig. G. Septa and one of the pali in front. 
7. Costa; : magnified. 

This is rather an aberrant form of the genus Leptocyathus, and the glazed-looking 
epithcea is characteristic. 

f W Hw f Wg STi-LOPHOR/yj!, U. EJ. * J. U. 

Genus 8TYLOPHORA, M. Ed. &■ J. H. 
1. Srvi.oruoii.v coxtokta, Leymerie. Plate XV1I1, Figs. 21, 22. 

There is a small branch of this well-known Eocene coral in the Khirthar group 
in deposits "near Petiani," west of Kotri. It was found also by D'Archiac and 
J. Ha i me in Sind ; and its other localities arc the Eocene of the West Indies, and 
La Palarea, Foujoncouse, Corbieres, &c. in Europe. Survey-number G V? 4 - 

Illustrations of the Species in Plate XVII L 
Fig. 21. The branch : natural size. 
22. Calices: magnified. 

Family ASTHJEIDJE. 
Atymty STl'LIXACEJS. 

Genus STYLINA, Lamarck. 
1. Styuna tbutiaria, Duncan. Plate VI, Figs. 1, 2. 

The corallum has a large and irregular upper surface, which, on the whole, is 
almost flat, and the height of the mass is under an inch. The calices are small, nume- 
rous, irregularly distant, crateriform, with a widely open shallow fossa. The walls rise 
suddenly from the almost plain intercalicular space, and do not narrow over-much, and 
they are marked by thin, distinct, wide-apart costa?. In some calices there are 18 well- 
developed costai, and some smaller exist between the larger. There are two cycles of 
6epta, and part of a third in some systems. The columella is very small and styliform, 
but distinct. The intercalicular space is cither plain, costulatc, or minutely granular. 

Breadth of type 2 inches. About 8 calices and interspaces occupy 1 inch of length. 

Locality. Maliri, south of Chotra, at the top of the Khirthar group or base of 
the Nari. Survey-number G 3 u 0 j a • 

Illustrations of the Species in Plate VI. 

Fig. 1. Part of corallum : natural size. 
2. Calices: magnified. 

Suh/umiiy MSTB^ACK^. 

Genus MONTLIVALTL\, Lamouroux. 
1. Moxtlivaltia Isdica, JMincan. Plate X, Figs. 5-7. 

The corallum is large, low, free, and is compressed slightly at the sides. The 
calice is widely open, elliptical, and very slightly deformed. The fossa is shallow, and 
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the axial fossula is elongate and limited by the septal ends. The margin is rather 
sharp. The septa are very numerous, being more than 400; they are exceedingly thin, 
long, well separate, subequal, and united often by dissepiments as thin as themselves. 
Near the margin some small septa intervene. The septa are slightly spinulose or 
crenulate at the free edge. 

The base is convex, and more bo from side to side than is the long diameter ; there 
is a delicate peduncle surrounded by a circular ridge of epitheca, and this is succeeded 
by other broader and more prominent cpithecal ridges, some of which cover the costte 
to close to the margin. 

The costa; are visible at the pedicel, and here and there between the epitheca ; they 
are as delicate and thin as the septa, are numerous and subequal, and united by exotheca. 

Height of the coral 1 inch ; length 3 inches ; breadth 2,^> inches. 

Locality. North of Maliri, Khirthar group. Survey-number G a 9 °/> 

Illustrations of the Species in Plate X. 

Fig. 5. The eorallum ! natural size. 

6. The base. 

7. Part of septa and endotheca : magnified. 

Genus CALAMOPUYLUA, M. Ed. & J. U. 

1. Calamopiiyi.ua I.vdica, Duncan. Plate XIX, Figs. G, 7. 

The eorallum is tall, and consists of a bundle of corallites tolerably closely placed 
together, branching once here and there, and being more or less deformed, and both 
angular and rounded. The costa- are not visible ; the septa are thin, and in about four 
cycles; the columella is very small. The endotheca is well developed, and there is a 
slight swelling of the long corallites here and there. The wall is stout. 

Height of the eorallum 4 J inches. Breadth of a calice -fa to -fe inch. 

locality. Hindi hill, Upper Khirthar beds. Survey-number G V* 4 - 

Illustrations of the Species in Plate XIX. 

Fig. C. The eorallum : natural size. 

7. A transverse section of a eorallite : magnified. 

The species is allied to Calamophyllia fascicu/ata, ~Re\iss,=C.flabellum from the 
Upper Nummulitic of Oberburg. 

Genus LATIM-EANDRA, 1/Orbigny. 

1. I ..\ . i y.h \m)ba UmOVI8, Duncan. Plate XX, Fig. 10. 

The coral is large, flat, thin, circular in outline, and pedunculate. A very feeble 
epitheca exists, and radiating costal striaj are seen through it or are uncovered. The 
scries, which are very shallow, broad, comparatively straight, except here and there 
where there arc leaf-like offshoots, radiate from the centre of the upper surface to the 
margin. The valleys are shallow and broad, have a distinct axial line, but no columella ; 
and the septa, large and wide apart near the line, are more numerous, and sometimes 
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alternately very small and large, at the sharp yet low colline top. The larger septa 
have a clubbed end ; and there arc about twelve of them in the space of $ inch. 

Height of the coral l^y inch ; breadth 5^ inches. 

Length of series 1 J inch to J inch ; breadth £ inch. 

Height of valleys ^ inch. 

Locality. Maliri, at the top of the Khirthar series or base of the Nari. Survey- 
numher G W- 

Illustration of the Species in Plate XX. 
Fig. 10. Half of the corallum: natural size. 

Genus HYDNOPHORA, Fischer de Wahlheim. 
1. HiDSorHORA Malibiessis, Duncan. Plate XIX, Figs. 11, 12. 

The corallum is very massive, flat and costulate below, gibbous above, and covered 
with moderately large, sharp-edged, broad-based collines, very irregularly placed and 
sized. Many collines are oblique, and the valleys are deep, the septa being large, and 
alternately large and small. The columella is absent. 

Height of the coral 2^ inches ; length of specimen 7 inches. 

The longest colline is -fa inch, and the distance from one colline to the next is 
about -r*j inch. 

Locality. Maliri, south of Chotra, at the top of the Khirthar series or base of the 
Nari. Survey-number G 3 ££. 

Illustrations of the Species in Plate XIX. 
Fig. 11. A part of the corallum: natural size. 
12. A colline : magnified. 

Genus FA VIA, Ok-!-. 
1. Favia Maliriknsis, Duncan. Plate VI, Figs. 3, 4. 

The corallum is massive, large, thick, and somewhat flat at the base, and convex 
above and sloping at the sides. The calices are excessively irregular in size, shape, pro- 
jection, depth, and in their details. The costa? are larger than the septa, and usually 
unite with those of the next calico, but a line of depression sometimes intervenes ; they 
are distinct, crowded, minutely granular, and subequal. Every alternate costa corre- 
sponds with a rudimentary or else with a very small septum. The septa are smaller 
than the costa;, spread over the floor of the deep calices, are slender alternately, and 
usually enlarge near the axial space, so as to form part of the small sjwngy columella. 
There are three cycles or 24 septa in the smaller calices, and in the long and deformed 
ones the fourth cycle may be reached. The costa; form a very prominent part of the 
coral, and they cover a broad space between the calices as a rnle. 

Length of largest calices, including costal prolongations, A inch. 

Depth of calices ofteu -^j inch. 

Locality. Maliri, south of Chotra, at the top of the Khirthar beds or base of the 
Nari series. Survey-number G 
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Illustrations of the Species in Plate VI. 

Fig. 3. Calices: magnified. 

4. Other calices, magnified, showing the large costal continuation 
from one calice to the other. 

2. Favia feduxculata, Ihtncan. Plate VI, Figs. 5, 0. 

The corallum is rather convex above, thin at its circular edge, and broadly pedun- 
culate, there being also a delicate epitheca. The calices are exceedingly irregular in 
shape, size, and depth, but all have close, low, flat, broad granular coste, which arc 
subequal and slightly separate at the margin, and a distinct line or depression limits 
one calice from another, and usually, but not invariably, interferes with direct costal 
communication. The calices, long, hexagonal, square, irregular or circular in outline, 
are shallow and widely open. The septa, about 60 in number, in the largest calices, 
arise from the nearly equal cosla?, and, as a rule, are alternately large and small, the 
largest being the longest and reaching a columella: they are all slight in breadth 
and height, and are often curved sideways. The columella is trabecular, and assumes 
a broken lamellar shape in long calices. 

When calices unite, the crest may be sharp and the line wanting, or it may be 
rather flat, and then the limiting line is distinct. 

The breadth of the corallum is 4 inches; height 1^ inch. 

Length of longest calice f$ inch. 

Locality. Maliri, south of Cbotra, at the top of the Khirthar group or base of the 
Nari series. Survey-number G 

Illustrations of the Species in Plate VL 
Fig. 5. Part of the upper surface of the corallum : natural size. 
6. Calices: slightly magnified. 

Genus ASTROCXENH, .V. Ed. <£• J. H. 

1. AsTRotxENiA xuhisma, Defiance, sp. Plate VI, Figs. 13-15. 

The corallum is discoid and very thin, subpedicillate, or placed on a small nummu- 
lite, and slightly convex above, with thin edges. The epitheca is in delicate circular 
ridges, and costs are faintly visible. The calices are placed with great regularity, and 
they appear to have increased in size and to bud at the edge ; they are nearly equal 
in size, and are regularly hexagonal and shallow. The columella is cylindrical, sharp, 
and projects. The septa are usually 20 in number, and are alternately large and small. 
The intercalicular spaces are small and costulate. 

Breadth of the largest corallum -ft inch ; height -^j inch. 

Locality. Gagar nala, N.E. of Bula Khan's Thana, and east of Surjana, Khirthar 
series. Survey-numbers G G 

This beautiful species has also been found near Gap, in the district of Nice, in the 
Nummulitic of the Hautes Alpes. 
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Illustrations of the Species in Plate VI. 
Fig. 13. Upper part of coral; natural size. 

14. Side view. 

15. Calices: magnified. 

Oenus ISASTRJEA, M. Ed. d- J. II. 
1. Isastb-Ea irregularis, Duncan. Plate XIV, Fig. 1. 

The corallum is large, irregular in shape, convex above, and has a large peduncle 
below, where there is an epitheca. 

The calices are exceedingly variable in shape and size ; and this is irrespective of 
the intramarginal gemmation which prevails. Some are irregularly oval or polygonal, 
and these arc the largest ; others arc in hexagons or pentagons and are smaller. The 
margins arc united, and the septo-costas arc rather wide there. The calices are deep 
about the edges ; but the floor of the fossa is often flat. The septa are not numerous, 
and 18, 24, or 3G are the usual numbers, but when there are many very small septa thero 
are four cycles; the primaries arc the largest, and arc short and straight, and sometimes 
are swollen within ; and the others, especially the smallest kinds, unite with the larger 
septa. Usually the septa are alternately large and small, and the smallest are often 
crowded between the larger. The costal end of the septa is slightly swollen. A false 
columella exists, produced by the inner termination of the septa, and in some calices it 
is almost lamellar. The epitheca is plain. 

Breadth of corallum 3-4 inches ; length 4J-8 inches ; height If inch. 

length of calices -^j to inch. 

Locality. Maliri, top of the Khirthar scries or base of the Nari. Survey-number 

Illustration of the Species in Plate XIV. 
Fig. 1. Some calices : slightly magnified. 

I8astr.*a irregularis, Duncan. Variety. Plate XIV, Fig. 2. 

A large, massive corallum, covering many square inches, gibbous more or less on 
the surface, and about from 1 to 3 inches thick. The calices are smaller and more regular 
than in the type, and the principal septa are of uniform breadth from the broad and 
often granular margin to the false columella. 

Locality. Maliri, top of the Khirthar group or base of the Nari. Survey-number 

G W- 

Illustration of the Variety in Plate XIV. 
Fig. 2. Some calices : magnified. 

Genus PTERASTRiEA, M. Ed. & J. II. 

1. Pterastraa suRABiLia, Duncan. Plate V, Figs. 7, 8. 

The corallum is massive, and more or less incrusting in its habit; it is rather irro- 
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gular on the calicular surface ; and the calices liave their sopta arranged partly in four, 
five, or six unequal lozenge-Bhaped or triangular masses, one lozenge belonging, as it were, 
by the continuity of its septa, to a neighbouring corallite. The massed septa arc on a 
higher level than the others, which arc in grooves between them or in depressions. Usually 
there are stout linear masses of several septa also, or a single large septum may form one. 

The septa are close, crowded, rather irregular in their course, and there may be from 
one to six in the elevated " septal masses." In the intermediate Bpaces they are of the 
same shape, and may equal the others in number. Several septa unite in the axial space, 
producing a small nodule simulating a styloid columella. The limits of the calices are 
indefinite in consequence of the intercalation of the groups of septa, of which probably 
there are four cycles. 

The synapticuke arc numerous and close, and may be seen on the calicular surface ; 
and they are equally numerous between the long septal laminae in longitudinal section. 

There is no other endotheca or epitheca. 

The coral covers some inches of surface and is talL 

The calices are not in series, and about six of them occupy the length of an inch. 
Locality. Maliri, south of Chotra, at the top of the Khirthar beds, or at the base 
of the Nari series. Surv ey-number G 

Illustrations of the Species in Plate V. 
Fig. 7. Corallum, upper surface : natural size. 
8. Calices: magnified. 

Genus FLESIASTILEA, M. Ed. d- J. If. 
1. Plesiastr.ea Eocenica, Duncan. Plate XIX, Figs. 8-10. 

The corallum is large, massive, plain beneath, and rather gibbous above ; or it may 
be boldly convex above, and low and broadly pedunculate. 

The calices, very unequal in size, are usually circular in outline, separated by a 
distinct groove and are slightly raised, the margin occupied by the junction of the 
costa: and septa being circular, broad, and overhanging the calices. Some calices, where 
there is much crowding, are deformed. The calices are, when perfect, rather deep, 
and there is a small columella and an imperfect row of pah, which arc usually before 
the septa of perfect cycles, excerpt the tertiarics ; they are small, and but little broader 
and higher than the septal ends. The septa, never in four complete cycles, are thin, 
not often straight, and are not exsert. The costm are much larger than the septa, form 
a rim to the margin, and are subequal, the primaries being distinguishable by their 
length: all are close, crowded, slightly rounded, not spincd, and are distinct from 
those of the neighbouring corallites. The thin septa and the thick costa) are very 
characteristic. 

Height of the corallum 3 inches ; length S inches. 

There are about three calices and their costa; to the length of 1 inch. The costal 
rim is ^ inch broad in many calices. 
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Ix>cality. Northern end of Watwaro range, between Trak and Damaj ; top of 
the Khirthar or base of the Nari series. Survey-nuinber G 3 g£. 

Illustrations of the Sjiecies in Plate XIX. 

Fig. S. Calices : natural size. 
9. „ : magnified. 
10. A diagram of a septum and palus. • 
Probably a fungiform coral found at between Tong and Baili belongs to this species. 
Another convex block is from Mill Mohori. 

Without the pali this coral would pass for a species of Phyllocania ; and it is very 
probable that the fossil corals of Sind which were formerly associated with that genus 
really belong to riesiastra-a. 

Group MADREPORARIA PERFORATA. 
Family VOBITIDM. 
Genus PORITES. 

1. Pokites Ixdica, Duncan. Plate V, Figs. 12, 13. 

The corallum is massive, and has a broad and irregularly gibbous surface. The 
calices are shallow, open, but slightly separate, hexagonal or pentagonal, or are irregular 
in outline. The septa are not crowded, and are rather equal : the primaries are the 
longest and largest, and the secondaries are slightly less ; there is frequently union 
between the tcrtiaries or between them and the secondaries, and all have a few 
nodular granulations on their free edges. There are indefinite pali, either as nodules 
or as trabecule?, around the rather wide axial space, which is filled by a trabecular 
columella. 

There are three cycles of septa in some systems, but not in all. The coral is some 
inches in length and breadth. 

The calices are usually from -fa to ^ inch in breadth. 

Locality. Maliri, south of Chotra, top of the Khirthar beds or base of the Nari 
series ; Mai Mohori, same horizon. Survey-number G 

Illustrations of the Species in Plate V. 
Fig. 12. A part of the coral : slightly magnified. 
13. Calices (magnified) and portions of costie. 

2. Pokites Pelleoki.xii, IJAch. Plate V, Figs. 14, 15. 

There is a nodular coral in the scries from Sind whose calices resemble those of 
D'Achiardi'sspecies, but the pali are not so distinct. The condition of Uic specimen is 
indifferent, and the knob on the septa nearest the axial space is the true palu9. The septa 
are fewer than in the type, which is from San Giovanni Ilarione. The species is also 
mentioned by Re us s, and figured by him from that locality. 

k2 
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Locality. Sind ; Mai Mohori, top of the Khirthar group or base of the Nari. 
Surrey-number G 3 „° 0 l . 

Illustrations of the Species in Plate V. 

Fig. 14. The corallum. 

15. Some calices : magnified. 

List of the Species of Fossil Corals from the Khirthar Scries which are identical with 
those of European and other Nummulitic deposits. 

Styhphora contorta, Leymerie. At La Falarea and Foujoncoasc, in Europe, and 
St. Bartholomew, West Indies. 

Astrocaenia numisma. At Gap, Nice. 

Pontes Pelleyrinii, D'Ach. S. Giovanni Ilarione. 

Species which are allied to others in Europe. 

Calamophyllia Indica, Duncan, to Calamophylliafasciculata y \U\im(=C.Jlabellum, 
Reuss), from the Upper Nummulitic of Oberburg. 

Nydnophora Maliriensis, Duncan, to Ilydnophora tenttsta (Catullo), Nummulitic of 
Europe. 

Pontes Indica, Duncan, to Porites micrantha, Reuss, from Crosara, Oberburg. 



The number of species of fossil Corals found in the Khirthar series is sixteen. The 
ommon to it and the European and West-Indian Eocene is three, and there 
are three allied species. 

IX. Description of the Fossil Corals of the Nari Series of Sind. 
List of the Species of Madreporaria or Stony Corals from the Nari Series of Sind. 

Section MADREPORARIA. 
Group MADREPORARIA APOROSA. 
Family TURBIXOLIDJE. 



Subfamily Tbochoctatiiacsj 



Trochoeyntbus Buroeai, J. Ilaime. 

— uutumiforuiis, Duncan. 

uummiformi 



Xariensis, Duncan, and a variety. 
cvclolitoideB, M. i!U. if J. Ilaime. 



STILOPnOSIK^. 

Family ASTILEID.K. 
Subfamily EusmiLiSJi. 
TTochuemilia vwieooa, lUust. Trochounili* Dbanuicmu, Duncan. 



Digitized by Google 



ALCYONARIA OF SIND. 



69 



Subfamily STTlISACEi. 
Stjloceenia Taurinensia, M. Ed. <J- J. 1/aime. 

Subfamily Ahtbsacej. 

Moutlivmltis Vignri, ffArch. f J. 
DaBrphyliui gtMNniAiis, Duncan. 
Rhalxlophrllia Xaricnais, Duncan. 



i Modliwtti, Duncan. 
Prioaaatnra insignia, Duncan. 
tvnuiwptaU, Duncan. 



Family FUXQIDJ!. 
Cycloaeri* P«rc«i, 31. Ed. <j- J. Uaimc. | 

Group MA DBEPOH ARLA PERFORATA, 

Family PORITIDJV. 



Section MADREPORARIA. 

Group MADREPORARIA APOROSA. 
Family TUMilXOLII)^. 
Subfamily TIWCUOCYATHACEJ!. 

Genus TROCHOCYATHUS, M. Ed. & J. H. 
1. TBOcnoCTATiius Brant, J. Jlaimt. Plate XVIII, Figs. 1-6. 

This coral was described by J. Ilaime in D'Archiac's Hist, des progr. de la Geol. 
t. iii. p. 226 (1850), and subsequently it was noticed and drawn in their description of 
the Corals from Sind (p. 183). It was said to come from the Chainc d'Hala (Sinde) ; but 
the locality of derivation in this hypothetical mountain-chain is not stated. No perfect 
specimen is amongst those collected in the Geological Surrey of the country ; but a 
fractured coral from the Nari group evidently is a variety of it. The following is the 
description by J. Haimc: — 

The corallum is very short, subcyclolitoid, circular, the inferior surface slightly 
convex, pedicellate, and hollowed slightly centrally at the base into a little round fossula. 
The costa; are straight, distinct, and the primaries and secondaries are equal and project 
slightly ; there is not much difference as regards the size of the others, and they are 
very close and finely granular, and nearly flat. The calicc is relatively rather deep, and 
has a wide fossa. There arc five complotc cycles of septa ; and the costa; are straight, 
narrow, exsert slightly, and rounded externally, and tolerably thin. Those of the first 
three cycles are subequal, and the others are slightly smaller, and all are granular and 
striated at the edge. The deeply seated columella is but slightly developed. The pali 
are short, moderately broad, rounded, and about the thickness of the septa to which 
they belong ; but they are the largest when before the higher orders of septa, and those 
before the penultimate septa are bilobed. The last cycle of septa has no pali. The 
diameter of the coral is 2 centimetres, and the height G millimetres (that is, £ inch and 
about \ inch). 
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The coral is figured on plate xii. fig. 2, a, b, c, of the work above mentioned ; and 
views of the side and of the base are reproduced here. 

Illustrations of the Species in Plate XVIII. 
Fig. 1. Side view of the corallum : natural size. 

2. The base : slightly magnified. 

3. A side view of the costo;: magnified. 

4. The ornamentation of a septum : magnified. 

The variety has the general shape of the type ; but the epitheca, which appears to 
be pellicular, is merged into a confused outer surface in which the coste are feebly 
seen. The septal arrangement is not complete in its cycles, and two large septa have 
nine others between them ; but the ornamentation is the same. The granulation of tho 
septa is very close and marked. The pali arc small, and the columella barely exists. 

Height of the corallum -fa inch ; breadth 1 inch. 

Locality. Near Itaduk, ten miles S.S.E. of Jhangara (Survey-number G ; and 
also west of Bhagathoro Hill, south of Schwan (Survey-number G Yd 4 )- 

Two young corals belong to this variety, and arc -fc and A inch in length. The 
external texture of the base is remarkable, and is of that broken, mosaic kind which is 
so often seen in these Sind corals. In the smaller one the costic arc more distinct 
Fig. 5. A young coral of the variety. The epitheca : magnified. 

G. A smaller one placed on a nummulite. The base : magnified. 

All were from the same locality. 

, 2. TROtnocYATnrs xrMMiroRMis, Duncan. Plate XX, Figs. 1-4. 

The corallum is very flat, circular in outline, slightly convex above and below, with 
rather a sharp margin. The calice is widely open, shallow, and with a small, slightly 
elliptical central space, where there is a papillate columella. The septa are excessively 
crowded, and there are numerous repetitions of series composed of three small septa, of 
which the central is the largest, placed between two larger. This arrangement is 
repeated so often that there arc at least six cycles of septa, or nearly 200 of them. The 
primaries and secondaries are larger than the others and are subequal ; the tertiarics 
are next in size, and then the rest diminish according to the order. The larger septa 
are as thick midway in their course as at the margin, and the smallest are slightly wavy 
in their course and join the larger ones. The larger septa reach close to the edge of 
the axial space, and end in large, lobed pali, those of the primaries and secondaries 
being subequal and larger than those of the other orders. The innermost pali, about 
as thick as the septa, form a very marked circle ; and the outermost are smaller, and they 
are rounded above. Small pali exist still further externally, and belong to higher orders ; 
but two small rounded pali, belonging to the penultimate orders, are between the first 
and second rows. The septa are granulated in linear rows, which crowd the sides in 
regular vertical order. 

There is a pellicular epitheca, which is stout, and the costa: are usually visible 
through it. It and the base are marked with concentric growth-rings, and on the 
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innermost beyond the short, flat peduncle, the bases of the pali are more or less visible. 
The edge of the corallum is rounded ; but where the costa? start from the septa there 
is often a sharp rim. The septal ends close to the costa? arc subequal ; but the costa-, 
where visible, are large and small, according to their order. 

Height of the coral J to y", and inch ; breadth \$ to ^ inch. 

Locality. West of Bhrigathoro Hill, in the Nari series. Survey-number G V«f • 

Illustrations of the Species in Plate XX. 

Fig. 1. The corallum from above : natural size. 
2. Septa and pali : magnified. 
S. The corallum from below : natural size. 
4. The central part of the base : magnified. 

Tbochoctathvs NIMMiformis, Duncan. Variety 1. Tlate XX, Fig. 5. 

In this variety the crown of larger pali consists of those of the first four cycles, 
those before the higher orders being stouter than those before the tertiaries, but shorter 
than those of the primaries and secondaries. The septa arc largely granular, and the 
epitheca is dense, the coral being very flat. 

Locality. West of Bhagathoro Hill, south of Sehwan, Nari series. Survey-number 

Illustration of Var. 1 in Plate XX. 
Fig. 5. The inner crown of pali : magnified. 

Thochoctathts xvmmmiforis, Duncan. Variety 2. Plate XX, Fig. 6. 

In this variety the flat papillary columella is well seen, and the septa and pali 
are slenderer and often wavy. 

Illustration of Var. 2 in Plate XX. 
Fig. G. The columella and inner part of the coral : magnified. 

3. TKocnocTATHis Nabiessis, Duncan. Plate IX, Figs. 1-13. 

The corallum has a flat base, with banded epitheca in circles, and granular costa; 
are seen here and there. The corallum, according to its age, is discoidal, subcylindrical, 
and cylindrical and tall, and the sides arc covered more or less with a banded epitheca, 
costa: appearing in the vacant spots. The calicc is rarely larger than the base, and is 
often contracted and concentric in outline ; it may be deep or shallow. There is no 
columella in the discoidal shaped forms, and a trabecular one exists in the others. 

The septa are very numerous, and crowded near the margins ; there are nearly, if 
not quite, six cycles of them. The larger aro exsert, arched at the margin, straight, 
and end in a thin paliform lobe, which reaches the axial space; the three septa 
between each pair of these reach far inwards, are smaller than the others, and the two 
outer bend in and meet the middle one close to its end, a broad palus resulting. The 
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pali are upon the septa where they join. The rest of the septa of this system are long 
and slender, and one is placed between each pair of those last mentioned. The calice is 
thus made trp of a number of sets of eight septa. The sides of the septa are largely 
and distinctly granular. The costa; are large, unequal, largely granular in a single row 
on the outside, and granular and multigranular on the sides. The single row of 
granules becomes very distinct between the epithecal bands. 

The breadth of the base of several specimens is from & to 1 inch and inch, and 
the height is from inch, ^ inch, to 2 inches. 

Locality. Near Raduk, ten miles S.S.E. of Jhdngara, Nari scries. Survey-number 
G W- 

Illustrations of the Species in Plate IX. 

Fig. 1. An oblique view of the corallum: natural size. 

2. The septa and pali of part of a system : magnified. 

3. A transverse section of a large specimen : slightly magnified. 

4. The septa, magnified, oblique view. 

6. The costa; and epitheca : natural size. 
C. Costa; : magnified. 

7. Costa; at the margin : magnified. 

8. The base : natural size. 

9. The costa? and epitheca of a large specimen : slightly magnified. 

10. Side view of a tall and old specimen: natural size. 

11. Its base. 

12. A variety of the species : natural size. 

13. Its septa and pali : magnified. 

TROCilocTATnrs Nakiensis, Duncan. Variety. Plate XVI, Figs. 9, 10. 

A variety of this polymorphic species requires notice, as the junction of the septa 
and the presence of the pali within it are not always seen. The large or primary septa 
of the five cycles have no pali ; the next have them, and so have the next to them in 
size. A columella is visible. 

Locality. Near Raduk, Nari group. Survey-number G y*. 

Illustrations of the Variety in Plate XVI. 

Fig. 9. The calice : magnified. 
10. Septa and pali : magnified. 

4. TBOcnocTATHCs ctcloutoides, Milne Edwards &■ Jules Haime, Hist. Nat. des Corall. 
vol. ii. p. 36. Plate IX, Figs. 11-18. 
There is a rather conical-shaped corallum of this widely distributed Eocene coral in 
the Nari scries, west of Bhagathoro Hill, south of Schwan. It has a widely open calice, 
whose surface is flat, with a small axial space. The epitheca is pretty strong, and the 
costac are more or less distinct to the base. The pali are very evident. Faint exothecal 
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dissepiment* exist between the costa near the base. The cost«e are plain, and where 
coming from beneath the cpitheca look like repetitions of septa. 
Height of specimen -fa inch ; breadth nearly 1-^j inch. 

Illustrations of the Species in Plate IX. 
Fig. 1 4. The coral : side view. 

15. The calicular surface. 

16. The pali : magnified. 

17. Costa;: magnified. 

18. Costa; from beneath a ridge of cpitheca: magnified. 

BLAXFOKDIA, fen. mob. 

The genus Blanfordia, now founded in recognition of the distinguished oriental 
naturalist and geologist to whom science is so greatly indebted in relation to the strati- 
graphy of Sind, is one of the Trochocyathacete. There is a pellicular cpitheca biuding 
the costac to the discoid base, and the calice is cyclolitoid in shape, the axial space is 
elliptical, and the whole corallum is nearly circular. 

The septa are numerous, close, and there are small pali on all the septa except those 
of the last order ; and there is a very general and frequent union of two septa with an 
intermediate one, giving a Deltocyathine appearance. 

1. Blakforma scJtMiFORMis, Duncan. Plate XVIII, Figs. 7-9. 

The corallum is nummiform, with a flat base, the centre of which has partly enve- 
loped a numraulite. The epitheca is marked with irregular lines. The calice is open, 
the axial space shallow, and the columella is deep aud small. The septa are close 
crowded, long, slightly broader externally, and the fifth cycle is incomplete ; the union 
of the three septa takes place very regularly on both sides of a long primary. The pali 
are small. 

Height of specimen ^ inch ; breadth inch. 

Locality. West of Bhagathoro Hill, south of Sehwan, Xari group. Survey- 
number G W. 

Illustration* of the Species in Plate XVIII. 

Fig. 7. The coral from above : magnified. 

8. The base: magnified. 

9. Septa: magnified. 

Tran$itu>n-Oro« p STTLOPnOBIX^. 

Genus STYLOPHORA, M. Ed. &■ J. II. 

I. Sttlophora rt LCHRRRiMA, IfAchiardi. Plate XV, Figs. 12, 13. 

A portion of a flat branch of this Coral, which is very common at Friuli (Rosazzo 

L 
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and Brazzano), where it is associated with Stylophora distant, Leymerie, is in the collec- 
tion from the Nari group. 

Locality. Rois Hill, cost side, Nari group. Survey-number Q % a . 

Illustrations of t lie Species in Plate XV. 
Fig. 12. Surface of the corallum : slightly magnified. 
13. Some calices: magnified. 

Family ASTRjEILJZ. 

Subfamily EVSM1LISJE. 

Genus TROCHOSMILIA, If. Ed. &J. H. 

1. T RociiosMiUA varicx)sa, Reuss. Plate VIII, Fig. 11. 

This species was described by A. E. Reuss in his description of the Corals found 
in one of the Corallifcrous deposits of the Older Tertiaries of the Alps at Crosara. The 
Sind type is smaller than the European, but the shape is the same. The base is small 
and pedunculate, the body is irregularly cylindrical, constricted here and there, and 
the calices elliptical, shallow, and without a columella. The epitheca is distinct, and 
exists in some places as circular bands. The costa? are distinct, well developed, and 
correspond with the septa. 

The species is described and figured in ' Pal. Stud, iiber die alt. Tertiarschichten der 
Alpen,' ii. Abtheilung, Wien, I860, p. 22, plate xvii. figures 4-6. 

Locality. Near Raduk, Nari scries. Survey-number G 

Illustration of the Species in Plate VIII. 
Fig. 11. The corallum : natural size. 

2. Teocuosmiua Oldhami, Duncan. Plate III, Figs. 0-11. 

The corallum is conical, much compressed, bluntly pedicellate, and often curved 
near the base. The calico is a long ellipse in shape, is shallow, and has rather a 
sharp edge. 

The septa are very slender, crowded near the margin, and long and less crowded 
near the centre. There are four cycles of septa in nearly all the systems. The 
larger septa and the next in size reach to the centre, a small axial space existing ; 
they are barely exscrt, faintly arched, largely granular at the sides, and often slightly 
wavy. The next septa, in point of size, reach midway, and between them and the larger 
on either side there are usually three very small septa. There is no columella ; and 
the endotheca is scanty. 

The costa: are unequal in size, and correspond to the septa, so that there arc in 
many places three minute costa? in a group, with a larger one on one side and a medium- 
sized on the other. The middle of the three small costa? is usually the largest, and they 
are often wavy and subsinuous in their course. The larger calices are almost subcresti- 
form at the ends of the coral, and may project a little here and there. 
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The exotheca exists ; and a faint pellicular epitheca, with occasional growth-rings, 
may be seen in some specimens. 

The epitheca covers in the smaller costsc in large specimens j they show, however, 
by weathering. 

In full-grown specimens the calice is long, sinuous at the edge, broad, shallow, and 
on an even plane. The axial space is very small. Height of corallum i B a inch. 
Leugth of calice 1^*- ; breadth A inch. 

Height of the coral inch. 

Length of calice -* tf inch. 

Locality. West of Bhagathoro Hill, south of Sehwan, Xari group. Survey-number 

G w- 

Illustrations of the tyecics in Plate III. 
Figs, fi, 7, 10. Views of the coral (2 specimens). 

8, 9, 11. The arrangement of the septa. 
See Plate IV, Figs. 11, 12, 13. 

3. Trochosmiija Dharanensis, Duncan. Plate XIII, Fig. 11. 

The corallum is cylindroid, tall, compressed rather from side to side, curved, and 
with a broadish base and a not much broader calice. The calice is elliptical in out- 
line, rather contracted, and has CO septa in six very irregular cycles. The septa are 
small, not very unequal, slender within, long, and the larger have subequal costre. The 
costic project, are distant, well developed, and wavy. The exotheca is seen here and 
there, and some folds of epitheca. 

The base spreads rapidly from a small peduncle. 

Height of corallum 2 \ inches. 

length of calice 1^ inch. 

lAKality. South-west of Dharan Pass, Nari group. Survey-number G ff. 
The specimen has many of the usual Xari Nummulites on it. 

mmtration of the Species in Plate XIII. 
Fig. 11. The corallum: natural size. 

Suhfamily STYIIXACEM, 

Oenus STYLOCtEXIA, M. Ed. <C- J. II. 

1. STTLOootNiA Tacrinbnsis, M. Edw. J. Haime. Plate XIII, Figs. 13, 14. 

This common species is represented in the Nari series of Sind in Btrata west of 
Bhagathoro Hill, south of Sehwan. One specimen is in the form of a rounded but irre- 
gular mass, with an opening inferiorly, which seems to hint that the form has incrusted 
something. Another is a fractured specimen, which was part of a thick and compressed 
mass. They are both rather worn, and the projections at the angles of the calices are 
small and very indistinct in the second form, and quite rudimentary or wanting in the 
first The calices are, as usual, small, tolerably close, separated by small and variable 
amounts of ccenenchyma, and contain six thin and slender primary septa; they 

L 2 
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reach a very slender, styliform columella. There are six smaller or secondary 
septa. 

There are two calices and the intcrcalicular surface in rV inch. 
Locality. West of Bhagathoro Hill, south of Schwan, Nari group (Survey- 
number G and near Eaduk (Survey-number G s f^). 

Illustrations of the Species in Plate XIII. 

Fig. 13. The corallum. 

14. Some calices: magnified. 

The species has been found in the older Tertiary deposits of S. Giovanni Ilarione 
and Ronca, Castel Gomberto, Montecchio Maggiore, and in the Miocene of Turin, 
Rivalbo, and Sassello. 

Subfamily ASTIUEA CF.JE. 

Genus MOXTLI V ALTI A , Lamouroux. 

1. Moxtuvaltu Vig.vei, D'Archiac d- Ilaime. Plate V, Figs. 9-11. 

This species was described in the work on ' Lcs Animnux Fossilcs de lTnde ' by 
D'Archiac and Haime, and the side view of the type was figured by them. 

The species is found in the Nari series, south-west of Dharan Pass; and the 
specimen figured in Plate V shows the side view, with epitheca, costo, and exotheca, 
and also a semidiagrammatic view of the calicc, and a careful enlargement of some septa. 
The distinguished authors above mentioned had not the opportunity of seeing a calice, 
but they judged correctly that there would be five cycles of septa. 

I find that there is a false columella, and that the characteristic of the species is 
the very constant junction of smaller and larger septa nearer the axial space than 
the margin. 

Ijocality. South-west of Dharan Tass, Nari group. Survey-number of the speci- 
men G ^p. 

Illustrations of the Species in Plate V. 
Fig. 9. Side view of the coral. 

10. A calice : slightly magnified. 

11. The junction of septa and the endotheca: slightly magnified. 

Oenus DASYPHYLLIA, M. Ed. <£• J. II. 

1 . Dasyphtllia OBQMin, Duncan, Ann.& Mag. Xat. Hist 18G4, vol. xiii. p. 299, pL xviii. 
Plate XIII, Fig. 10. 

A solitary broken corallite of this species shows the incipient " collarettes " low 
down, the costte well developed, and the calice, as usual, compressed and badly 
preserved. 

The type is in the British Museum. 
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locality. Near Raduk, 10 miles south-east of Jhangara, in the Nari group. 
Survey-number G s ff. 

Illustration of the Species in Plate XIII. 
Fig. 10. The corallite : natural size. 

Gettus RIIABDOPHYLLIA, M. Ed. d-J. II. 

1. Riiabdoniyllia Nariexsis, Duncan. Plate XVIII, Figs. 14-16. 

The corallum is short, slender, cylindroid, compressed, and marked with trans- 
verse growth-rings. 

The epitheca is delicate, and where worn exposes three very thin costre between 
two larger ones. The fractured ends show twelve large septa with swollen internal 
edges, and twelve more slender ones ; and usually between these and the thicker a 
minute septum exists. 

The septa are crowded, and correspond to similar sized costae. There is no colu- 
mella. The endotheca is scanty. 

Height of corallum I inch ; greatest breadth -fa inch. 

Locality. "West of Bhagnthoro Hill, south of Sehwan, in the Nari group. Survey- 
number G V/- 

Illustrations of the Species in Plate XVIII. 

Fig. 14. The corallum: natural size. 

15. Transverse section : magnified. 

16. Costa:: magnified. 

Genus LEPTORIA, M. Ed. & J. U. 
1. Leptoria coxcentrica, Duncan. Plate XXIII, FigB. 1, 2. 

This species is found at the base of the Nari series, or in the topmost strata of the 
Khirthar rocks ; but the type is from a higher horizon in the Gaj Beries. 

Genus MJFA.XDRINA, M. Ed. <tJ. E. 

1. RLeandrixa Mbducotti, l>uncan. Plate X Figs. 15, 16. 

The corallum is large, broad, short, somewhat convex above, and rather concave 
below, where there is an epitheca. 

The series are excessively gyrosc and frequently bifurcate, and are almost without 
any limit ; they are shallow and narrow, very equal in their breadth, and the interserial 
edge is sharp. 

The septa aro short, enlarged within, and mostly ore subequal. Occasionally a 
small septum intervenes, but usually the similarity of size is remarkable. 
The columella is rudimentary. 
There are about twenty septa in ^ inch. 
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Breadth of the corallum more than 6 inches; height of corallum 1 inch. 
Breath of a Beries ft inch. 

Ijocality. Baran River, south of Tong, in the Nari scries. Survey-number G W* 



Genua PRIONASTR-EA, M. Ed. & J. U. 

1. Prionastilea i.vsio.vis, Duncan. Plate V, Figs. 4-6. 

The corallum is free, short, hemispherical, and has a flat, irregularly rounded, and 
lobed base, and a few large calices. 

The base is marked with numerous subequal low costa?, more or less hidden by a 
feeble epitheca. 

The calices near the base look outwards, and the others more or less upwards ; 
they arc irregular in size and shape, but are large, deep, open, triangular or hexangular, 
and are separated by stout and tall margins. 

The septa are much more numerous on the sides of the tall margins than in the 
midst of the calices ; they are small and close in the first place, and large, separate, and 
mostly club-ended in the other. There are altogether nearly five cycles in the largest 
calice, but only some twenty septa reach the boundary of the axial space. The club 
end represents the base of a former spine, and the septa having it are large and dip 
down into the fossa, being, moreover, separated at the wall by small ones. The colu- 
mella is small, and is partly made up of the united club ends. 

The margin of the calices is rather sharp and crestiform. The gemmation is 
marginal and between contiguous calices. 

The breadth of the base is 1$ inch, and the height of the corallum ft inch. The 
calices vary from -r% to inch in length, and the greatest depth of the fossa is ft inch. 

Locality. South-west of Dharan Pass, Nari group. Survey-number G 



2. Prioxastrjja tesuiseitata, Duncan. Plate V, Figs. 1-3. 

The corallum is irregularly quadrangular at the base, the corners being rounded 
more or less. A small scar of former adhesion is in the middle of the basal surface, 
and small and rather close costa; radiate from it, increasing in number towards the 
edge, which is rather sharp. There is a slight epitheca here and there, and the basal 
surface is flat. 

The calicular surface of tho coral is but slightly convex, and the calices are large 



Illustrations of the Species in Plate X. 
Fig. 15. Part of the corallum: natural size. 
16. Part of a scries : magnified. 



Illustrations of the Species in Plate V. 



Fig. 4. Upper part of the corallum : natural size. 

5. The calices near the margin : magnified. 

6. The base : natural size. 
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and irregularly shaped ; they arc shallow, open, and separated by very well-defined, low, 
thick walla. The septa arc close but not crowded, often wavy, long and slender ; and 
the primaries and secondaries are but slightly stouter than the others ; a few have a 
slight enlargement near the small trabecular columella. There are four cycles of septa 
in the large calices. 

Length of corallum 1^ inch ; height of corallum £ inch. 

Length of largest calice -, s 0 - inch. 

Locality. West of Bhagathoro Hill, south of Sehwan, Nari group. Survey-number 

G Vi?- 

Illustrations of the Species in Plate V. 
Fig. 1. Calices: slightly magnified. 

2. The base : natural size. 

3. A part of a calice : magnified. 

Family EL'SGlbJE. 
Qeniu CYCLOSERIS, M. Ed. d- J. U. 

1. Cycloseris Pekezi, if. Ed. A Ilaime. Plate XVI, Figs. 7, 8. 

This well-known Eocene form appears to be represented in the Nari group in the 
hills cast of Trak in Kohistan. Survey-number G ^p. 

It is a broken specimen, but the calice is shallow and was circular. The fossula is 
circular and small ; the base is subplanc, and the costac are generally visible, a small 
quantity of epitheca existing. The principal difference from the type is the everted 
calicular edge. The European type is from Nice; Gap; Faudon, St. Bonnet (Hautes- 
Alpes). 

Illustrations of the Species in Plate XVI. 
Fig. 7. The calice : natural size. 

8. Showing the everted margin and cost© : magnified. 

Genus CYCLOLITES, iAimarck. 
1. CrcLOLiTKS orikxtalis, Duncan. Plate IX, Figs. 19-21. 

The corallum is circular in outline, nearly flat above, rounded off at the margin, 
and very slightly concave centrally iuferiorly, elsewhere nearly flat. The axial space is 
circular and small. 

The septa are very closely placed, crowded, slender, straight, swollen at the free 
end so as to imitate pali, and united by delicate synapticuhe. The 12 principal septa 
arc evident and project outwards, aud there arc 21 others less prominent, and the 48 
intermediate arc smaller still. There are six cycles of septa complete. 

The epitheca is dense, but the larger costre project beneath it. 

The breadth of the corallum is nearly five times the height of it; and in the type 
the measurements are, breadth inch and height not quite i\j inch. 

Locality. Lundi llill, eight miles south of Jhdngdra, Nari group. Survey-number 
G W- 



Digitized by Google 



so 



THE FOSSIL CORALS AND 



Illustrations of the Species in Plate IX. 
Fig. 19. The calicular surface : slightly magnified. 

20. The septa and their paliform ends : magnified. 

21. Septa near the margin : magnified. 

Specimens of larger size than the type and with slight peduncles are from hills east 
of Trak, Kohistan, Nari group. Survey-number G ^j 4 . 

Group MADREPORARIA PERFORATA. 
Family FOFTFIDM. 

Genus LITHARiEA, M. Ed. &■ J. S. 
1. Litiiar.ea nodulosa, Duncan. Plate XIX, Figs. 4, 5. 

The corallum is in the shape of short stunted branches, which arc covered with 
irregularly quadrangular shallow calices with thick perforate walls. The shape and 
size of the calices is irregular, and the septal distribution also, there being from 20 to 
30 stoutish septa. There is a small or rudimentary columella in some calices, whilst it 
is long in others. The calices are crowded. 

Height of corallum 2 inches. 

Breadth of calices -fa to f 6 inch. 

Locality. Near Raduk, ten miles S.E. of Jhangara, Nari series. Survey-number 

Illustrations of the Species in Plate XIX. 
Fig. 4. The coral : natural size. 
5. A calice : magnified. 

List of the Species of Fossil Corals which are found in the Nari Scries of Sind, 
and which are identical with those found in other localities. 

Trochocyathus cyclolitoides, M. Ed. & J. Haime. Also in the Nummulitic deposits 
of the Pyrenees and S. Giov. Ilarioue. Rosazzo in Friuli. 

Stylophora pulcherrima, D'Achiardi. Common at Rosazzo in Friuli. 

Trochosmilia varicosa, Reuss. In the Oligocenc of Crosara. 

Styloccmia Taurinensis, M. Ed. & J. H. At Ronca, S. Giov. Ilarione, and in the 
Miocene of Turin, Rivalba, &c. 

Cycloseris Ferezi, M. Ed. & J. H. Gap ; Nice ; Faudon, St. Bonnet (Hautes-Alpes). 



There are 20 species of Fossil Corals in the Nari scries, and one of them is found 
at a higher horizon. Of these, one quarter are found in the Upper Nummulitic and 
Oligocene deposits of Europe. 

Hence the examination of the specimens of Corals from the Ranikot, Khirthar, 
and Nari series of Sind yields 76 species and several varieties. 
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X. Description of the Fossil Corah from the Gdj Group in Sind. 

List of Species of Madreporaria from the Gaj group or the series above the 
Nummulitic rocks of Sind. 



Section MADREPORARIA. 

Group MADBEPOHAKIA APOROSA. 

Family TURBISOUDJS. 

Subfamily C A ■ T o p 11 T 1. 1. 1 A c E M. 
Caryophjllia dajonsis, Duncan. 

Subfamily Tsocqoctatiiicix 



i-yroup Sttiophobiu Ji. 



! 



Family ASTRJEIDJi. 

Subfamily Sttlisackj!. 
Duncan. 



Subfamily Asm f K'E.t. 



AntQlia plana, Duncan. 

Indioa, Duncan. 

Montlivaltia Jarquemonti, /. Haimt. 
Dasrphyllia, species. 
I*<ptnmus*a rtigrwa, Duncan. 
Calamophyllia elongata, Duncan. 

Monticulastraaa insignia, Duncan. 
— — ^— — — solidior, Duncan. 

inwqualitt, Duncan. 

— — — — elongata, Duncan. 
IleliastriPB Sindiana, Duncan. 
————— digitata, Duncan. 
anoniala, Duncan. 



Brachypbifllia Indica, Duncan. 




D'Aehiardia densn, Duncan. 
lobata, Duncan. 

Reussi, Duncan. 
Gajensut, Duncan. 



ata Gajensis, Duncan. 
fungiforinU, Duncan. 



Cladocom llaimei, Duncan. 
Ecliinopora miocenica, Duncan 
maxima, Duncan. 



Family FUXQIDjE, 



Pachrteris affinis, Duncan. 
eiarata, Duncan. 



Cycloseris magnifica, Duncan. 
Agaricia Dana-, Duncan. 
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Gnmp MADBEPORARIA pebfobata. 

Subfamily Madbepouin m. 



Subfamily TuBBISABIie*. 
Turbinaria Sitaenaig, Duncan. Aslrropora homisphoeric*, Duncan. 

Family P0IUT1DJL 



Section MADREPORAEIA. 

Group MADBEPOBARIA APOBOSA. 
Family TURB1X0LII>&. 

Subfamily CARYOPHYLUjLCEJB. 

Genm CARYOPHYLLIA, Lamarck. 

1. Cartopiitllia Gajexsis, Duncan. Plate XXIV, Figs. 2, 3. 

The corallum is short, with ti large base of attachment and a large circular, very 
open, shallow calice. The pali form a very distinct raised ring around a very small 
columella, on which a few papilbe may be seen. The septa are unequal in size, much 
thickest near the margin, and the primaries and secondaries resemble each other, pass 
far inwards and have pali before them ; the next orders arc not so large, and the higher 
orders pass but a short distance inwards. There are about 72 septa, and about 20 
shorter stout dentate pali. The costac are well developed, are alternately large and 
small, and the epitheca is in bands. 

Height of the corallum -j^ inch. Breadth of calice inch. Breadth of base -fa inch. 

Locality. Sita Nai, Grij scries. Survey-number G ^f 4 . 

Illustrations of the Species in Plate XXIV. 

Fig. 2. The corallum : side view. 
3. The calice : magnified. 

Subfamily TROCUOCYATUAC&E. 

Oenus TROCHOCYATHUS, M. Ed. <£• J. II. 

1. TnocuocTATurs Gajexsis, Duncan. Plate XXIII, Figs. 3, 4. 

The corallum has a flat elliptical base, from which the sides slope with concave 
curves to a widely open, oval-elliptical, slightly bilobate calice, whose minor axis is on a 
higher plane than the major. The costte are numerous, irregularly arranged, sub- 
equal and distinct to the base. The large septa arc about 48 in number, and many 
minute rudimentary ones exist. The larger septa arc stout, and the pali are small but 
distinct, those before the larger septa being the largest. 

Locality. Sita Nai, Khirthar range, Gtij series. Survey-number G 
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Illustrations of the Species in Plate XXIII. 
Fig. 3. Side view : natural size. 

4. The base and costae: magnified. 

Trtuwition-group S T YL OPU OBfXJi. 

Genus STYLOPHORA, Blainville. 

1. Stylopiioha cosjtsa, Duncan. Plate XXIII, Fig. 7. 

The corallum is nodular here and there, and the calices are very close and crowded, 
a small ridge formed by the close margin separating them ; the margins are fused in 
some places ; and the calicular fossa is rather deep. There arc six septa visible, and a small 
columella. There are three calices and their intermediate ridges in iV inch of length. 

Locality. Dumb, Sehwan-hill road, Gaj series. Survey-number G V^- 

Illustration of the Species in Plate XXIII. 
Fig. 7. Calices: magnified. 

2. Sttlophora mincta, Duncan, variety. Plate XXIII, Fig. C. 

This species was described by me in the description of the Fossil Corals of the 
West-Indian Islands (part iv.), * Quarterly Journal of the Geological Society,' December 
1867 (vol. xxiv. p. 14). The type unfortunately broke up ; but the 6mall calices, the 
broad interspace without ornamentation, the six septa, and the large styloid columella 
were very characteristic. The present specimen, from Naigh-Nai valley, south-west of 
Manchhar Lake, resembles the type, especially in the plain and faintly granular coenen- 
chymal area, in the plain projection of the calicular margin, and in the want of costoe. 
The columella is small, however, and this constitutes the only variation. The type 
was from Miocene beds of Trinidad. 

Survey-number G 

Illustration of the Species in Plate XX1IL 
Fig. 6. Calices : magnified. 

Family ASTRMIDM. 

Subfamily STYUXACE&. 

Genus STEPHANOOENIA, M. Ed. & J. U. 

1. STEPitA?(ocojNiA maxima, Duncan. Plate XXV, Figs. 1, 2. 

The corallum is thick, large, and massive, and the base is almost a flat surface. 
The calices are large, slightly raised above the common surface, with a thin costulate 
and rather wavy margin ; they are slightly elliptical in outline, very shallow, and are 
crowded with very unequal septa. The calices arc separated by coenenchyma, over 
which the larger coste pass, touching those of the surrounding calices, which are 
usually at a distance of half a calice's breadth from each other. 

M2 
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There arc six large septa, which arc straight, level, usually larger near the columella, 
and normally have pali which are expanded sideways or arc nodular. The primaries 
arc separated by as many smaller secondaries, which are stout, and enlarge and expand 
near the columella into small pali J the twelve intcrseptal spaces thus produced 
include very small septa, usually one in each, but occasionally three ore crammed in- 
These tertiary septa are small, and do not reach far inwards. The columella is well 
developed and styloid, but rectangular and compressed in shape. In some ealices the 
twelve larger septa ore united at their internal margins by lateral expansions. 

The cosUc arc unequal in size, being attached at the margin to all the septa, and 
it is only those of the primaries and secondaries that reach the intercalicular space. 

The corallites are very long ; endotheca is rare ; and the free inner margins of the 
septa are denticulate. 

Height of corallum 3-} inches; length probably some feet. Length of largest 
calice rather more than x l 6 inch. 

Great masses of this coral exist with the septa and columella worn away, or in 
the form of casts. 

Locality. Dumb, Sehwan-hill road, Gaj group. Survey-number G 

Illustrations of the Species in Plate XXV. 
Fig. 1. A calice: magnified. 

2. Part of a calice seen from the side: magnified. 

BdfiunOj JBTRMACRM 
Genus ANTILLIA, Duncan. 

1. Axtillia plana, Duncan. Plate XXIII, Fig. 5. 

This species was described in 18G4, in my essay on some Fossil Corals from Sind, 
in the 'Annals and Magazine of Natural History' (1804, vol. xiii. p. 300, pi. xviii. 
fig. 6). A specimen has been found at Dumb, Sehwan-hill road (Survey-number G Va 4 )* 
in the Gaj series. The new form is of the same size as that already described, but the 
outline of the calice is circular. 

The corallum is very short, and has a flat base which nearly equals the calice in 
diameter; the columellary space is small and the calice is shallow. The septa arc 
numerous, and there are at least five cycles of them ; they crowd near the margin, and 
only the larger reach far inwards. Epithcca is noticed here and there, and the costsc 
are mouiliform externally. 

Breadth of calice 1£ inch. Height of the coral £ inch. 

Illustration of the Species in Plate XXIII. 
Fig. 5. The corallum : natural size. 

2. Astilllv Indica, Duncan. Plate XXIV, Fig. 11. 

The corallum is tall and conical, is elliptical at the widely open calice, and the 
columella is small. The septa are very unequal. The epithcca is in transverse folds, 
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and it comes well up to the calicular margin. There are nearly six cycles of septa, and 
the majority reach far in towards the axial space. The larger septa appear to have been 
lobed within and ragged on their free surface near the calicular margin. 

Height nearly 3 inches. 

Length of the calice 2^,, inches. 

Locality. Xorth-west of Lul-ltakhar range near Karachi, in the Gaj scries. 
Survey-number G 3 4 Q 7 4 - 

Illustration of the Species m Plate XXIV. 
Fig. 11. The corallum and calico: natural size. 

Genus MONTH VALTI A, 31. Ed. d- J. H. . 

1. Montlivaltia Jacqukiio.vh, D'Arckiac £ JIaime. Plate XXIV, Fig. 4. 

The corallum is straight, conical, thick, moderately tall, compressed slightly, 
especially in its middle. The epitheca is strong and forms growth-rings. The calice is 
elliptical, more or less in the form of the figure 8. The axes of the calice have the ratio 
of 100 : 170 ; the summit of the smaller axis is slightly higher than that of the larger. 
There are 120 well-developed septa, moderately slender, straight, alternately large and 
small, and between them is a corresponding number of rudimentary septa. The height 
of the corallum may be more than 2 inches. The endotheca is well developed. 

Messrs. D'Archiac and J. Haime do not give the locality whence the coral was 
derived, but state that it is peculiar to Sind. 

The specimen found by the Geological Survey is in height 2V J U inches, and the 
breadth of the calice is 1-^ inch. 

Locality. Dumb, Sehwan-hill road, in the Gaj series. Survey-number G 

Illustration of the Swedes in Plate XXIV. 
Fig. 4. The corallum : natural size. 

Genua DASYPHYLLIA, 21. Ed, §■ J. II. 

L Dastphtllia, species. Plate XXIII, Fig. 10. 

A portion of a small Dasyphyllia allied to Dasy[jhyllia gemmans, Duncan, is from 
south of Magar Pir, Karachi, Gaj series. Survey-number G 3 4 V- 

Illustration of the Species in Plate XXIII. 
Fig. 10. Part of a corallum : natural size. 

Genus LEPTOMUSSA, Eeuss. 

1. Lkhtosiussa rugosa, Duncan. Plate XXII, Fig. 8. 

The corallum is simple, tall, compressed, very irregular in its growth, being con- 
stricted here and there above its broad pedunculate base. The calice is elongate, 
deformed, rather deep, and without a columella. The costas arc exceedingly developed, 
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and in many places arc spincd ; they arc distant, projecting, and subcqual. There is 
no epitheca, but some exotheca exists between the costae. The septa are unequal, 
numerous, and crowded ; the primaries are large, and the higher orders are long, slender, 
and wavy, and relate to the larger costae. 

The genus has its type, Leptomussa variabilis, D'Achiardi, in the Nummulitic of 
Italy. The form from Sind approaches a true Mtissa which has not yet undergone 
fissiparity ; but it is an old individual and fully developed. 

Height of corallum 2\ inches. 

Length of calico 1 f inch. 

Locality. South of Magar Pir, near Karachi, Gaj scries. Survey-number G ^ft*. 

Illustration of the %o'pj in Plate XXII. 
Fig. 8. The corallum : natural size. 

Genua CALAMOPHYLLIA, M. Ed. <f- J. II., amended 1831. 

1. CiVLAMorHYLLiA elongata, Duncan. Plate XVIII, Figs. 17-20. 

The corallum is in long, more or less cylindrical pieces which seldom branch, and 
then from one Bide. The corallitcs arc of the same slender character for considerable 
spaces : they arc smallest at the base or point of origin from others, and frequently the 
calice is contracted ; they are nearly straight, cylindrical or angular here and there, 
and are marked with very distinct rather distant costs, some of which are much 
larger than others. From 24 to 30 costae exist in large specimens, and are wavy, sharp, 
narrow, and much smaller than the intercostal space, in which there is often a low 
rounded ill-developed costa. As a rule, the costae correspond to large septa only. 

The septa, few in number, are wide apart, and are alternately large and small ; 
they are tapering, and do not quite reach the axial space. Some are rudimentary and 
curve close to the wall. There are 30 to 40 septa of all sizes in a well-developed 
specimen. 

There is no columella, and the axial space is vacant. A few endothecal dissepi- 
ments exist. There is no epitheca, and there arc traces of a few exothecal dissepiments. 
A few irregular swellings of the thin wall occur as collarettes. 

Height of longest corallite 4 inches. Breadth of widest corallite \ inch. 

Locality. Nari Nai, Khirthar range, Gaj series. Survey-number G 

Illustrations of the Species in Plate XVIIL 

Fig. 17. Corallite: natural size. a. A long corallite. 

18. Outlines of calices : natural size. 

19. A section of a corallite : magnified. 

20. Costec: magnified. 
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Genua LEPTORIA, M. Ed. & J. II. 
1. Leptoria concejttbica, Duncan. Plate XXIII, Figs. 1, 2. 

The corallura is large, flat, circular in outline, broadly pedunculate, thin at the 
edges, and rather concave centrally above. 

The series are very long, and many form almost perfect circles one within the 
other, so that the surface presents the appearance of a number of furrows and ridges 
arranged in irregular concentric circles. 

The ridges are sharp and equal, the valleys are broad and deep, and each of the 
series is uninterrupted by calicos. The columella is very small, but it is clearly lamellar. 
The septa arc small, alternately larger and smaller, the first kind reach to the axis 
of the valley and enlarge there, the smaller come down to it more or less. Buds of 
an Hydnophora have settled themselves in some of the series. 

The peduncle is short and broad ; the base is marked concentrically by a ridge ; and 
there appears to have been an epitheca. 

Height of the coral 1^ inch ; breadth originally 8 inches. 

Length of series 10 inches, 8 1 inches, to about 3 inches ; breadth about inch. 
Locality. Dumbar range, south-west of Tong, Gaj scries (Survey-number G ; 
also at Maliri, south of Chotra, in the Khirthar or Xari series (Survey-number G 

Illustrations of the Species in Plate XXIII. 
Fig. 1. Thccorallum: natural size. 
2. Some septa: magnified. 

MONTICULASTR.EA, gen. nov. 

The corallum is massive or foliated, pedunculate, irregular at its upper surface, an 
the base is covered with crowded radiating costa:. The septa arc in very irregular 
small series, so that each colline is small and either pointed or very short, and henco 
the scries often present a papillary appearance. The septa are small, numerous, do not 
touch those of the other side of the axial space, and are united by a highly developed 
endotheca. There is a columella which is continuous around the collines ; it is lamellar, 
but convex above, and is readily worn away. 

This genus is a Hydnophora with a columella and with non-continuous septa. 

1. Mokticclastil»a insigxis, Duncan. Plate XXVI, Figs. 1-3. 

The corallum is very large, thick in some parts, and thin at the edges. The small 
close collines are very numerous, very irregular in their size, not in any regular lines, 
and are short. The colline edge is short. The septa, alternately long and short and 
large and small, are slender and close ; probably three cycles of them exist around the 
largest colline. 

The columella is well developed. The costae are exceedingly numerous. 
Height of the corallum 2^ inches ; breadth about 14 inches. 
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There are about 6 or 8 collines to an inch. Height of collines under inch. 
Locality. Magar Pir, near Karachi, base of Gdj group. Survey-number G 8 £*. 



2. MoNTicuiASTRiA soLiDioR, Duncan. Plate XXVI, Figs. 5, 6. 

The corallum is large, very thick, and nearly plane on its upper surface. The 
collines are stout, low, unequal, and often curved ; and the septa are alternately large 
and small, but are of equal length. The tip of the collines is blunt, rounded, and 
sometimes notched. The columella is thin and linear. 

Height of the corallum 3 inches. 

Length of collines to <fo inch. Six septa to jfo inch. 

Locality. Sita Nai, Khirthar range, Gaj group. Survey-number G a S| 4 . 

Illustrations of the Species in Plate XXVI. 

Fig. 5. Part of the upper portion of the coral : natural size. 
G. A colline : magnified. 

3. MoNTiCTiiAsnt.EA IX-EQUALM, Duncan. Plate XXVI, Fig. 4. 

The corallum is solid, thick, and the upper and lower surfaces are flat. The 
collines arc very irregular in their size, shape, direction, and length : some are long, 
broad, straight, or curved ; others are minute, low, and at all angles with the larger. 
The columella is distinct, and the septa (alternately large and very slender and small) are 
of equal length. 

Height of corallum 1 inch to 1£ inch. 

Length of large collines 1^ inch; of small collines y\f to -fa inch. Number of 
septa to T \j inch, six large and six small. 

Locality. Near Unahar, Khirthar range, Gdj group. Survey-number G AJ 4 . 

Illustration of the Species in Plate XXVI. 
Fig. 4. Upper part of the corallum (part of) : natural size. 

4. Monticulastrjja elonoata, Duncan. Plate XXVII, Figs. 1, 2. 

The corallum is very large, in flat branches, which arc covered on all sides with 
very numerous, small, yet elongated narrow series, their diminutive height and length 
contrasting with the bulk of the mass. The direction and size of the series are very 
variable, and Bmall collines are occasionally seen in the axial spaces of others. The 
collines are blunt at the top and never high ; the valleys arc narrow ; and the columella 
is distinct as a lamellar ridge in the axial space ; it is low and distinct (but it often has 
been destroyed). The septa do not unite at the axial space ; they are frequently 



Illustrations of the Species in Plate XXVI. 

Fig. 1. Part of the corallum. 

2. Collines: magnified. 

3. Endotheca and columella : magnified. 
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swollen there, and always are alternately large and small and rather crowded, and there 
are about 16 to ^ inch. 

The length of the collines is from less than a line to 1 inch, and the distance from 
the top of one to that of its neighbour is under -fo inch. 

length of the coral (a broken specimen) 10 inches, and the breadth is about 
4 inches; thickness 1$ inch. 

Locality. South-east of Bill, Gaj scries. Survey-number G 

Illustrations of the Species in Plate XXVII. 

Fig. 1. Part of the corallum: natural size. 
2. Collines: magnified. 

Genus HELL1STKJEA, M. Ed. & J. H. 

1. Heliastilea Sikdiana, Duncan. Plate XXVII, Figs. 3, 4. 

The corallum is short and broad, irregular on its nearly plane upper surface, thin at 
the more or less circular margin, and indistinctly pedunculate. The base expands rapidly ; 
and is covered with a dense epitheca, on which costtc arc not seen. The calioes, unequal 
in size, are circular or slightly deformed in outline ; the margin is sharp ; the septa are 
not cxsert, but pass down into the deep fossa ; and the costas are feebly developed, and 
do not pass down far on the outside, and not much on the intercalicular spaces. The 
normal number of septa is four cycles ; they arc alternately long and short ; all are 
rather small, and the longer arc often furnished with paliform teeth. In the smaller 
calices there may be 24 or 3G septa ; but the alternate large and small septa are charac- 
teristic. The columella is moderately well developed. 

Height of corallum 1} inch ; breadth 5 to 6 inches. 

Breadth of calices | to ^ inch. 

Locality. Magar Pir, near Karachi, base of Gaj series. Survey-number G 

Illustrations of the Sjwcies in Plate XXVII. 

Fig. 3. The corallum (a part of) : natural size. 
4. Some calices: magnified. 

2. Hbliastilka dioitata, Duncan. Plate XXI, Figs. 7, 8. 

The corallum is compressed, digitate, and covered with numerous craterifonn 
calices, the intermediate tissue being covered with cost«c. 

The truncated conical ends of the corallitcs are either symmetrical or oblique, and 
the costae are alternately large and small : the larger cost® pass down the wall to 
the intercorallite spaces. The calice is very shallow, and the columella very small. 
The Bepta are very unequal : usually the six primaries are large and distinct, and the 
six secondaries are smaller than they are, but larger than the short tertiaries. There 
are often only twelve septa. The calice is often contracted, and the costaj are larger 
than the septa. 

N 
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Height of coral! urn 3$ inches ; breadth 1 inch. 

There arc about six corallites and intermediate structure to the length of 1 inch. 
Locality. South-east of Bill, Gaj series. Survey-number G a 4 ^. 

Illustrations of the Species in Plate XXI. 
Fig. 7. The corallum : natural size. 
8. Calices: magnified. 

3. Heliastrjea axomala, Duncan. Plate XXI, Fig. 10. 

The corallum is very short, covers a wide extent of surface, is nearly flat above, and, 
although pedunculate, has almost a flat base covered with radiating longitudinal folds 
of epitheca. 

The calices project but slightly, are irregular in shape and separate, and costic pass 
down into the intercorallite spaces. The calices are shallow, oblique, circular, or deformed 
or elliptical ; and the columella is very small. The septa at the margin are very thick, and 
within the fossa are distinct, narrow, as a rule wide apart, unequal, and in four cycles ; 
usually 6ome of the primaries are very distinct and long. Dissepiments are rare. The 
corallum is many inches long and about 1 inch thick. 

The diameter of the calice is from ^ to -fa inch. 

Locality. South-east of Bill, Giij series. Survey-number G 

Illustration of the Species in Plate XXI. 
Fig. 10. Some calices: natural size. 

Genua BRACHYPHYLLIA, Beuss. 

1. Brachtphtlua Lndica, Duncan. Plate XXI, Fig. 2. 

The corallum is massive, convex above, circular in outline, and flat below. The 
corallites arc large, united by exotheca, and the costa; of neighbouring calices often 
unite. The calices are circular, oval, elliptical, and irregular in outline, shallow, and 
crowded with septa, which pass so far upwards that there is barely a columella. The 
septa are in five cycles in six systems in the largest calices, and are alternately large and 
very small ; and this is the case with the costae also. The exotheca is well developed. 
The distances of the calices differ ; some are wide apart and others are crowded 

Height of corallum 2 inches ; breadth 7 inches. 

length of calices § to 1 inch. 

Locality. Dumb, Schwan-hill road, Gaj group. Survey-number G 

Illustration of the Species in Plate XXI. 
Fig. 2. A portion of the corallum : natural size. 
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Genus PLESIASTILEA, M. Ed. & J. H. 

1. Plesiastilea costata, Duncan. Plato XXIV, Figs. 9, 10. 

The corallum is massive, nearly flat above, and short. Numerous corallites project, 
some obliquely from the common surface over which the costse pass, and most are 
in cones, widely truncated and crateriform, whilst a few are oval or elliptical in their 
calicular outline. The calices, usually circular in outline, are not deep, and the well- 
marked cosne merge into thick and exsert septa at the margin. The septa, not crowded, 
are alternately large and very small, are thick at the wall, and the larger become 
thinner as they plunge with an arched edge into the fossa, to end in blunt 
nodular-shaped, compressed pali : there are four cycles in the largest calices, and the 
pali are before all except the last, whose septa barely project within the wall. The 
columella is large and strongly papillary. The costae are thicker than the septa, cover 
the outside of the wall, are stout, wide apart, and have rounded projections on them ; 
The smaller are in contact with the smaller septa. 

Diameter of calice J inch. 

Height above common surface ^ inch. 

Locality. Naigh Nai, south-west of Sehwdn, Gaj series. Survey-number G 

Illustrations of the Species in Plate XXIV. 

Fig. 9. A portion of the coral : natural size. 
10. A calice: magnified. 

2. Plesiastrjsa DEnriEXs, Duncan. Plate XXI, Figs. 3, 4. 

The corallum is very large, massive, aud slightly gibbous on its upper surface. The 
corallites arc more or less raised above the common surface and have well-marked costal. 
The corallites are united by much exotheca, and the bluntly but distinctly spincd costaj 
pass over it The calices, usually circular, vary greatly in size ; the larger project, and 
have a very shallow fossa and the costa; well marked around the margin, whilst the 
smaller, equally complete, often barely project. 

The columellary space is circular and distinct, and the columella has small papilla 
on it. The septa vary much in number; but the larger are subequal, and a minute one 
is between them. According to the size of the calice, there may be 9, 10, 12, to 16 
large septa, and as many rudimentary ones. The costaj arc well developed, stand out, 
and arc bluntly spiny, especially near the intercalicular surface. Small but very distinct 
elongations of the large septa exist, resembling pali. 

The budding is extracalicular and on the common exothecal surface. The pali 
arc small and before the long septa. 

Height of specimen 2 inches. 

Diameter of the calices: largest, \ inch ; smaller, inch. 
Locality. Sita Nai, Gaj series. Survey-number G 

s2 
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Illustrations of the Species in Plate XXI. 
Fig. 3. Part of the corallum : natural size. 
4. Calices: magnified. 

3. Plesiastb^ea PEDtTxeuLATA, Duncan. Plate XXI, Fig. 9. 

The corallum is short, large, circular in outline, slightly irregularly convex or 
plane above, pedunculate, and with an epitheca in longitudinal folds, the costoe being 
slightly visible. The calices are large, very irregular in size and shape, not standing up 
much above the common surface on which their costs; pass, shallow, and with large 
septa and very small pali. The septa in the largest calices are nearly equal ; but usually 
a small septum is between the large, so as to make four cycles or more. The costs? are 
large, bluntly spined, and a rudimentary one is often between two larger. 

Height of corallum lj inch; breadth 5 inches. 

Breadth of calice ^ to -fe inch. 

Locality. South-east of Bill, Gaj series. Survey-number G 

Illustration of the Species in Plate XXI. 
Fig. 9. Some calices : magnified. 

D'ACHIARDL\, gen. nov. 

The corallum is massive. The corallites are small, slightly exsert above the thick, 
solid, common upper exothecal intcrcorallitc ccenenchyma, or arc imbedded, as it were, 
in it ; they are long and slightly costulate. The calices are shallow, and there is a 
columella, and some pali are also seen. Fissiparity occurs, but is rare. 

1. D'Achiabdia de.vsa, Duncan. Plate XXI, Figs. 5, 6. 

The corallum is large, irregularly cylindrical, and roundedly conical above. It 
is covered with numerous calices, most of which are shallow and circular, and sepa- 
rated by more or less granular surface. 

There are three cycles of septa, which are alternately long and short, pali being 
usually before the larger. 

The columella is small. Tho costse are distinct on the flanks of the corallite, 
but not on the ccenenchyma. The ccenenchyma is very solid. 

Height of the corallum 6 inches. 

Breadth of the base nearly 2$ inches. 

Breadth of a calice inch. 

Locality. Nari Nai, Khirthar range, Gaj series. Survey-number G 

Illustrations of the Species in Plate XXI. 

Fig. 5. The corallum : natural size. 
6. Calices: magnified. 
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2. D'Achiardia lobata, Duncan. Plate XXI, Figs. 4, 5. 

The corallum springs from a small, narrow, compressed base, and rises into a flat, 
lobatc, rounded, gibbous frond, which is covered with calices, more or less oblique in 
direction, sometimes deformed and separated by much ccenenchyma. The costtE are 
rudimentary. The columella is rather large and flat, and minutely papillose. The septa, 
usually 24 in number, alternately large and small, often have pali. The calicular 
margins are slightly above the level of the common ccenenchyma, which is minutely 
lamellar or granulate. 

Height of corallum 3 inches ; length 3$ inches ; breadth about f inch. 

Diameter of calices ^ to ^ inch. 

Locality. South-east of Bill, Gaj series. Survey-number G s 4 0 3 s . 

Illustrations of the Species in Plate XXI. 
Fig. 4. The upper surface of the corallum : natural size. 
5. A calice : magnified. 

Genus LATIMiEANDRA, D'Orb. 

1. LatiM-Raxdra pabvtla, Duncan. Plate XXII, FigB. 1, 1*. 

The corallum is large, thin, much foliated, and is gibbous above, and more or less 
costate and epithecate below, where there are sometimes long grooves and eminences 
corresponding with lines of calices above. 

The calices are small, excessively variable in size, and tho series, which are rare, 
are usually narrow and short. The margins are sharp ; the fossa is usually deep ; and 
the septa are of two kinds : one set is very small and close to the margin, and the 
other, wide apart, have strong, often curved and arched lamina. The septa are few in 
number, and there are not more than 30 in full-sized non-serial calices. The columel- 
lary space is very small. The septa often meet in points above tho margin. The walls 
are stout, and the endotheca is well developed and arched. 

Height of specimen \ inch. 

Width of average calices six to inch. 

Length of average scries inch to \ inch. 

Locality . Magar Pir, near Karachi, base of Gaj group. Survey-number G a 

Illustrations of the Species in Plate XXIL 
Fig. 1 . Calices : magnified. 

1*. A part of the corallum : natural size. 

2. LATIM.EANDRA RKr8Sl, Duncan. Plate XXV, Fig. 5. 

The corallum is large, Bhort, unequally convex and gibbous above, and pedunculate 
and concave below. It is rather thin here and there and at the edges. A delicate 
pellicular epitheca covers the distant subequal costs on the base. 

The calices are excessively variable in shape within any given space : some are 
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pentangular, others are hexagonal in outline, and the rest form longer or shorter series, 
some being straight and others curved. The fbsm is moderately deep, the columella is 
rudimentary, and the walls are thin, hut united. The equality in thickness and in 
relative distance of the septa is very striking ; they are slender, usually straight and 
subcqual, and there are three cycles, and not a perfect fourth, in the non-serial calices. 

Ueight of corallum 2 inches ; breadth 6 to 10 inches. 

Breadth of ordinary calices *f a to -fa inch. 

Length of series about ^ inch. 

Locality. South-east of Bill, Gaj series. Survey-number G 

This species is closely allied to Latimasandra limitata, Reuss, from the Upper 
Nummulitic of Italy ; and I name it after my lamented friend. 

Illustration of the Specie* in Plate XXV. 
Fig. 5. A part of the corallum : natural size. 

3. Latimjbaxdra G.ukksis, Duncan. Plate XXV, Figs. 3, 4. 

The corallum is large, pedunculate, nearly flat inferiorly, circular more or less in 
outline and thin at the edges, and irregular and gibbous on the upper part. There is 
an epitheca on which the costa? are visible here and there, and they are subcqual, 
distinct, branching, and slightly granular. The calices arc mostly in short and deformed, 
rather than in straight series; they are deep, and are separated by a stout wall. The 
septa are very small, crowded, especially at the wall, not exsert, and a few become 
enlarged near the axial space, where no columella is visible. In some regularly shaped 
calices, which have not become serial, there are nearly five cycles of septa. The 
epitheca in some places is in longitudinal or radial projections. 

Height (extreme) inch ; length 6 inches. 

locality. Magar Pir, at the base of the Gaj group near Karachi. Survey-number 

Illustrations of the Sjwcics in Plate XXV. 

Fig. 3. Calices : natural size. 
4. Calices: magnified. 

Genus PRION ASTRJEA, 21. Ed. dt II. 

L Prioxastr.ea G.uexsis, Duncan. Plate XXII, Fig. 8. 

The corallum is large, massive, broadly pedunculate, broad and rather convex 
above, circular in outline, and the rapidly expanding base has longitudinal eminences 
and depressions. The calicular surface has a few (IS in the type) large, deep, somewhat 
irregularly shaped calices, which arc united by stout, well-developed walls, which pro- 
ject irregularly. The columella is small. The septa are long, distinct, do not project 
much, subequal, spiued, and numerous, and, as a rule, there are more than four cycles 
and less than five of them. 
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The epithcca is distinct, and barely a trace of casta: exists. The endotheca is very 
well developed. 

Height of corallum nearly 2 inches. 
Breadth of upper surface 4 inches. 
Length of calices about 1 inch. 

Locality. South of Mogar Pir, near Karachi, Gdj series, Survey-number G ^Y- 

Illustration of the Specie* in Plate XXII. 
Fig. 8. The corallum : natural size. 

Probably Cyathoseris magnified, Duncan, "Sind Corals," Ann. & Mag. Nat. Hist. 
1864, xiii. p. 304, is this species, the presumed synapticuhe being the worn dissepi- 
ments ; but I am not satisfied on the point. 

2. Prioxastilea fuxoiformis, Duncan. Plate XXI, Fig. 1. 

The corallum is large, low, circular in outline, very slightly convex above, thin at 
the edge and pedunculate, and slightly concave beneath. There is a slight epitheca, but 
usually the cosue and exotheca are visible. 

The calicos, rarely circular, are polygonal, irregular in size and shape, and have 
wide united walls, the septa being continuous. The fossa is shallow and open ; the 
columella is trabecular and well developed. The septa are wide apart, nearly equal, 
and some reach further in than others. The septal number presents much variation ; 
but in the largest calices there are not more than 28, and usually there are about 24. 
The gemmation is marginal. 

Height of specimen 1 inch ; breadth 7 inches. 

Length of largest calice ^ inch. 

Locality. Near Unahar, Khirthar range, Gaj series. Survey-number G a ^ i . 

Illustration of the Species in Plate XXI. 
Fig. 1. A portion of the upper surface : natural size. 

Oenus CLADOCORA, M. Ed. <£- J. E. 

1. Cladocora Haimei, Duncan. Plate XXIII, Figs. 8, 9. 

This species was described from Sind by me in the * Annals & Magazine of Natural 
History,' April 1804. The corallites are long and slightly flexuous ; the buds are few : 
the calice is usually circular, but often deformed. The septa are small and delicate, and 
the larger are smaller than their coetee ; there are three cycles of them, more or less 
complete. The columella and pali are small. The cos too axe alternately large and 
small, and some are much produced. 

Calices to -r* ff inch across. 

Locality. South of Magar Pir, near Karachi, Gaj series. Survey-number G ^ft>. 
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Illustrations of the Species in Plate XXIII. 

Fig. 8. Side view of pieces of a corallum. 
9. Calice : magnified. 

Genus ECHINOPORA, Lamarck. 

1. EcHiifoPOBA miocenica, Duncan. Plato XXII, Fig. 2. 

The corallum is frondiform, lamellar, and covering much space, but it is rather thin. 

The calices are well separated, and form distinct projections somewhat in regular 
transverso lines ; they are large, shallow, rather elliptical, and the columella is very 
small. The septa arc short, rather equal, and may be from 12 to 24 or more in 
number, aud they are spined. The costa; are long, straight as a rule, separated, spined, 
and are continuous with the septa of neighbouring calices, especially with those not 
close at the sides of the others. The endotheca beneath the costa; is highly developed. 
The epitheca exists, and there are faint striations on it 

Length of a calice y^, inch, and its costal prolongations to others, including the 
calice, 1^ inch. 

Locality. South-east of Bill, Gaj series. Survey-number G *g£. 

Illustration of the Species in Plate XXII. 
Fig. 2. The upper surface of a worn corallum : natural size. 

2. EcniNOPoRA maxima, Duncan. Plate XX, Fig. 7. 

The calices are very large, elevated, elliptical, and shallow. The septa are crowded' 
large, subequal, and in three cycles. The columella is indistinct, but exists. The costee, 
very large, are bluntly spined and hollow here and there ; they are fiexuous and sub- 
equal. The epitheca is thick and faintly striated. 

Breadth of the calice m< & i length of the calice 1 inch ; height of the calice 
X*<j inch. 

Locality. South of Magar Pir, near Karachi, Gaj series. Survey-number G 

Illustration of the Species in Plate XX. 
Fig. 7. The calico : natural size. 

Family FU2TGIDJZ 
Genus PACHYSEFJS, M. Ed. & J. U. 
1. Pachysebis affisis, Duncan. Plate XXIV, Figs. 7, 8. 

The corallum is thin, and has formed part of a large, irregular, gibbous expansion. 
The series arc very long, broad, and only slightly curving here and there from the 
straight course ; the valleys arc broader than the intervening collines, which arc broadly 
convex, slightly flat at the top, and passed over by crowded septa. The columella is 
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rudimentary. The septa, alternately large and small, arc long, and the larger reach 
furthest to the columellary line. The base is marked by fine costal striations, and the 
synapticuhr are rare everywhere. 

The breadth of a colline at its base is considerable, and from to f 6 inch. About 
from 7 to 10 septa in ^ inch. 

Locality. Maki Nai, in the Gaj series. Survey-number G Vs 5 - 

Illustrations of the Species in Plate XXIV. 

Fig. 7. A part of the corallum : natural size. 
8. A part : magnified. 

2. Fachtseiiis exarata, Duncan. Plate XXIV, Figs. 5, 6. 

The corallum is very large, flat above and below, and the series are excessively long, 
nearly straight, and rarely bifurcate. The valleys are wide, shallow, and unequal ; and 
the collines are low, slightly oblique, broad at the base, and rounded where free. The 
septa are close, crowded, narrow, and subequal on the collines, which they cross ; but 
near the columella they become unequal and alternately large and small. The larger 
septa reach the columella, expand parallel with it, and join it by means of delicate 
trabecular The smaller septa become slender near the columella, and may or may not 
reach it. In some parts smaller septa reach from the collines a little way into the 
valley, and are placed between those already noticed. The columella is distinct, has a 
lamellar tip which is not continuous, and in some places it is out of the axial line. The 
synapticula; are rare. 

The length of some series is considerably more than 6 inches ; some restricted 
series are from \ inch to 1 inch in length, and the majority are nearly parallel, slightly 
wavy, and very long. The width of the valleys from the top of one colline to that of 
the other is from \ inch to nearly J inch. The bases of the collines are from ^ to 
•1% inch across. 

locality. South of the Gaj river, in the Khirthar range, in the Gaj series. Survey- 
number G a S*. 

Illustrations of the Species in Plate XXIV. 

Fig. 5. The corallum : natural size. 
6. A portion : magnified. 

Genua CYCLOSERIS, M. Ed. & J. Haime. 

1. Ctcloskrjs magnifica, Duncan, Ann. & Mag. Nat. Hist. 1864, xiii. p. 304. Plate 
XXVI, Fig. 13. 

The corallum is large, convex, irregularly rounded above, and trochoid, with a 
small attachment below ; the wall is in longitudinal folds, which do not interfere with 
the calicular surface, and it is very faintly costulated. The calicular surface is very 
Heliastnean in its appearance. The calices are irregular in shape, and unequal in size 
and depth, all being more or less open at the surface, and infundibuliform ; they are 
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separated by a cccnenchyma, which is more or less marked by coste. The septa are 
numerous at the margin, and are grouped in paliform masses in contact with the broad, 
flat, paliform columella. 

Height of corallum 2^ inches; breadth 3 inches and more. 

Breadth of a calice from to -i 7 0 inch or more. 

Locality. Magar Pir, near Karachi, base of Gaj series. Survey-number G i ^ A . 

The specimen is attached to the type of Haliastraa Sindiana, Duncan, and is not 
in good condition. The type is in the British Museum, and the calice represented is 
from the drawing in the ' Anuals and Magazine of Natural History,' 18G4, pi. xix. fig. 7, b. 

Illustration of the Sjwcies in Hate XXVI. 
Fig. 13. A calice : slightly magnified. 

Genus AGARICIA, Lamarck. 

The species Agaricia agaricitcs, Pallas, sp., I have stated to be present in a 
collection of fossil Corals from Sind already described. Another form is closely allied 
to Agaricia undata, Ellis and Solander, but has a few distinctive characters. 

1. Agaricia Danjs, Duncan. Tlate XX, Figs. 8, 9. 

The corallum is pedunculate, frondiform, and rises sharply in more or less of a cup- 
shape. The wall is thin, and the outer surface slightly marked with cross depressions 
and raised ridges, and is mostly striated with unequal cosue. The inner surface is covered 
with numerous caliccs, which run together often at the sides, but are separated by costae 
and small collines from their neighbours below and above. The calicos are about 
& inch in length ; their septa are alternately large and very small, and 60 are the cost®, 
and usually they are less than 20 in number. The columella is very small. 

Height of specimen rather over 2 inches, and the whole was probably about 
0 inches in height. The thickness is from -rV to nearly -fa inch. 

Locality. South of Magar Pir, near Karachi, Gaj series. Survey-number G ^pf. 

This species is very closely allied to the Mgcedium fragilis of Dana. 

Illustrations of the Sjuecies in Plate XX. 

Fig. 8. Calices : magnified. 

9. The back and base of the corallum : natural sue. 

Group MADREPORARIA PERFORATA. 

S^family KADMPOBIXM. 

Genus MADREPORA, M. Ed. & J. H. 

Madkepora, species. Plate XXV, Fig. 9. 

Several rolled specimens of the minute terminal branchlcts of a small oblique 
caliced Madrepora were found at Naigh-Nai valley, Gaj series. Survey-number G a 4 0 o *. 
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Illustration of the Species in Plate XXV. 
Fig. 9. A branchlet : natural size. 

Subfamil? TVSBZBAJUXM, 

Genus TURBINARIA, Oken, 
1. Tt'BDiNAKiA Sitaensis, Duncan. Plate XXV, Figs. 7, 8. 

The conillum is thin, foliaceous, and marked by irregular vermiform costte infe- 
riorly. The cccnenchyma is plentiful ; the calices, on short, obliquely placed cones, are 
small, shallow, and round. The columella is very small, and there are 24 unequal 
septa. 

Thickness of the corallum -ffg to t^j inch. 
Breadth of a calice -j*, inch. Length of the cones f% inch. 
Locality. Sita Nai, Khirthar range, Gaj series. Survey-number G Va 1 - 
Illustrations of the Species in Plate XXV. 
Fig. 7. The corallum (part of) : natural size. 
8. A portion : magnified. 

Genm ASTR.EOPORA, Blainville. 

1. AsTR-Eoroiu hemispujirica, Duncan. Plate XXV, Fig. 6. 

The corallum is irregularly hemispherical in shape, with a re-entering base, covered 
with epitheca, and marked here and there with granulations or pores. The upper surface, 
rather gibbous, has much cceneuchyma ; and the calices, some on conical eminences, 
others simple, are small, circular, very shallow, and have six large and about six small 
septa. There is no columella. The ccenenchyma is granular and porous. 
Ileight of the corallum 1 \ inch ; breadth 2 \ inches. 
Locality. Naigh-Nai valley, Gaj series. Survey-number G ^ 0 *. 

Illustration of the Species in Plate XXV. 
Fig. 6. The corallum : natural size. 

Family POMTIDM 

Genus PORITES, Lamarck. 
1. Porites Gajensis, Duncan. Plate XXII, Figs. 6, 7. 

The corallum is massive, has a broad base, and an irregular cylindrical stem ending 
in several gibbous pinnacles which are rounded at the top. Layers of growth are on 
the corallum, which is covered with minute calices well separated by a porous ccenen- 
chyma. The septa are 12 in number ; the pali are very small, and the columella also. 

Height of the corallum nearly 3 inches ; breadth 2 inches. 

There are five calices and intermediate structure in -^y inch. 

Locality. Xaigh-Xai valley, Gaj series. Survey-number G 

02 
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i of the Species in Plate XXII. 

Fig. C. The corallum : natural 
7. Acalice: magnified. 



There are 41 species of fossil Corals from the (iaj series. 

The forms helong both to ancient and modern genera, and the fauna does not 
contain any recent species. The absence of so many of the modern genera of the Pacific 
and Red Sea, considered with the evident antiquity of many of the genera, indicates 
a Miocene age. Many of the forms are representative of the West-Indian Miocene. 

Many massive specimens of Corals form a limestone which is saccharoid, and the 
septa usually are very incomplete; they usually belong to the great species of 
Stejthanocoenia. 

XI. List of the Localities whence Fossil Corals were derived in 6'ind. 
In the Strata below the Trap (Cretaceous). 

Barki nala, north of Ranikot — Laki range. 
Jakhmari — Ijiki range. 
Biirah— Laki range. 

In the Ranikot Group, Nummulitic Series. 

Three miles west of Lynyan. 
Hills east of Lynyan. 

Three miles south-west of Jhirk (Jerruck). 
Jhirk. 

Jhirk — from lowest fossiliferous bed. 

Hills two or three miles north-east of Band Vero. 

North-west of Lynyan. 

Hilly ground north-by-east of Petiani. 

East of Kandaira, Vero plain. 

Ditto, a lower bed. 
Vihan hill, six miles north-cast of Kandaira, Vero plain. 
South-west of Jhirk. 
Makli hill, near Thatta. 

In the Khirthar Series, Upper Nummulitic Series. 

Angai valley south-west of Tandra Rahim Khan. 

Two miles south-south-west of Chotra, south of Jhangara. 

Karra range, south of Trak. 

North of Maliri and sixteen miles south of Jhangara. 



ALCYONAEIA OF SIND. 



Gagar nala, north-east of Bula Khan's Thana. 
Gagar hill, east of Surjana. 
South-east of Trak. 

West of Sehwan (from conglomerates of Siwalik age). 
Tandra Kahim Khan (from recent conglomerate). 
North-west of Mchar (from recent conglomerate). 
Nari Nai (from gravels). 
Gaj river. 

Near Maiting, twelve miles south-south-east of Kanikot. 
Near Petiani, west of Kotri. 
Jakhmari, west of Amri. 

East base of Khirthar range between Gaj and Nari rivers— from uppermost 
beds. 

Northern end of Watwaro range between Trak and Damaj (base of Nari or top 
of Khirthar). 

Mai Mohori, Kampitiani river, west of Jungshahi (base of Nari or top of 
Khirthar). 

Between Tong and Baili, west of Tong (base of Nari or top of Khirthar). 
Maliri, south of Chotra (base of Nari or top of Khirthar). 
Hindi hill, north of Trak (uppermost Khirthar beds). 

In the Nari Series, Oligocene Series. 

Baran river, south of Tong. 

West of Bhagathoro Hill, south of Sehwan. 

Pokhan. 

"West side of Bhagathoro Ilill. 

Under Khfiguzani Peak — I^aki range. 

Hills east of Trak— Kohistan. 

South-west of Dharan pass. 

Lundi hill, eight miles south of Jhangara. 

Near Itaduk, ten miles south-south-east of Jhangara. 

East side of Rois hill, south-east of Damaj'. 

Rois hill, cast side. 

In the Gaj Group, Miocene. 

Magar Pir, near Karachi (base of group). 
Three miles south-east of Tong. 
Dumbar range, south-west of Tong. 
Mol plateau, ten miles north of Shahbeg. 
Near Magar Pir (higher bed). 
South of Magar Pir, near Karachi. 
Naigh Nai, south-west of Sehwan. 
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Kattiani hills, north of Gaggar. 

Base of scarp four miles west of Trak hill. 

Maki Nai. 

Liil-Bakhar range, twelve miles west-north-west of Karachi. 
North of Babba-band, five miles cast of Kadcji. 
Atnru hill, Khirthar range. 

South of Kuba Jagu Jumali, west-north-west of Schwan. 

Dumb, Sehwan-hill road. 

South of Giij river, Khirthnr range. 

Sita Nai (Tooneewarree Nai), Khirthar range. 

Near Unahar, Khirthar range. 

Nari Nai, Khirthar range. 

Tandra Riihim Khan. 

Base of scarp four miles west of Trak. 

Three miles south-west of Damaj. 

Near Bill. 

Hills north of Adam-jo-got. 

Five miles south-south-east of Tong. 

Mol plateau, north-west of Bill. 

Naigh-Nai valley, south-west of Manchhar I.akc. 

South-east of Bill. 

North-west of I.al-Bakhar range near Karachi. 

(Marine beds in lower Manchhar) eight miles east of Cape Monze*. 



XII. List of the Genera of the Fossil Corals of Sind, their Enumeration and 

that of the Species. 

Genera from the Cretaceous Strata beneath the Trap. 
MADHEPOHARIA APOROSA. 

Sp«w. 

1. Caryophyllia 3 

•2. Trwhooyathtu 1 

3. Smilotrochus 8 

4. Stvlophora 1 

». Rhabdophyllia 1 



MABREPORARIA PERFORATA. 

6. Lithanra 1 A 1 variety. 

6 genera. Species 0 & 1 variety. 



• Unfortunately tho corals from this locality could not be found in the collection. 
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Gcnora from the Ranikot Scries. 



MADBEPOBABIA APOBOSA. 

1. Trochocyathus " 1 

2. Pbu'ocyathiu 1 

3. Bkgrovia 1 

4. Trochonmilia 1 

5. Slylina 1 

6. Strlocwnia 3 

7. Muntlivaltia 3 

8. laddaofc 342 van. 

it. Plocophyllia 2 

10. Diploria 1 

11. Leptoria 1 

12. Steplianoea-iiia 1 

13. AstrocoMua Uln 

14. Iaastran 1 

15. KcunUtfM 1 



10. rironaatusa _ 1 

17. A«tim 1 

Fam. PUNQIDM 

18. Thamnastnt* 1 

18. Paehyseris 1 

20. Trtuhosoris 1 

21. Elliptoseri* 1 

22. Cyathoapris 1 

23. Turbinoseri* 5 

24. CycIoJitoa » 

MADBEPOBABIA PEBFOBATA. 

2."i. Stephanophyllia 1 

20. Lithane* 1 

27. Pontes 1 

27 eenera. Speck* 50 & 3 var». 



Genera from the Khirthar Series. 



MADBEPOBABIA APOBOSA. 

1. Trochocynthua 

2. Lpptocyathua 

3. Stylophora 

4. rttylina 

5. MfluUtaltfe 

6. Calamophyllia 

7. llyduophora 

8. link 

•J. 



Specie*. 



10. ftutHM 1 

11. Latimirandrn 1 

12. Fterastnca 1 

13. riesiastnea 1 

MADBEPOBABIA PEBFOBATA. 

14. Pontes 2 

14 genera. 16 



Genera from the Xari Series. 



MADBEPOBABIA APOBOSA. 

1. Trochoryathua 

2. Blanfordia 

3. Stylopbuna 

4. Troebaimilia 

5. Styloea»ni* 

6. Moutlivaltia 

7. Dasyphyltia 

8. Bbabdopbyllia 

0, Leptoria 



A3 



10. Maudlin ' l 

1L Prionartra* 2 

Fam. FUXGW.E. 

12. Cycloseria 1 

13. C/lWiM 1 

M ADBEPOB A B I A PEBFOBATA. 

14. Litharea 1 

14 nun. so A 3 
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Genera 

MADREPOBARIA APOHOSA. 

1. < 'arynphyllia 1 

2. TYochocyathua I 

3. S«ylophora 2 

4. St^phwif>e<»iiia 1 

5. Antillia 2 

6. Montlivaltia 1 

7. Leptomussa 1 

8. Daayphyllia 1 

«J. Calamophyllia 1 

10. Leptoria 1 

11. Monticulaxtnra 4 



12. Hi!ia*tnr« 3 

13. D'Acfiiantia 2 

14. Prionai'tnra 2 

15. Brachyphyllia 1 

16. Plesiastrea 3 



the Gaj Series. 



17. Latiinnamdm 3 

18. Cladocora 1 

19. Eobinopora 2 

Fam. FCXGin.K 

20. Paohyseris 2 

21. Cycloseria 1 

22. Agaricia 1 

MADREPORARIA PERFORATA. 

23. Madrcpora 1 

24. Turbinaria 1 

25. A»lnr*pora 1 

2'i. Puriti'D 1 

26 genera. 41 



Summary. 



Number of genera in the Cretaceous series . 


. . . 6 


„ species „ „ 


. . . 9 


Number of genera in the Ranikot series . . 


. . . 27 


„ species „ „ . . 


. . . oO 


Number of genera in the Khirthar series 


. . . 14 


„ species „ „ 


. . . 10 


Number of genera in the Nari series . . . 


. . . 14 


„ species „ „ ... 


. . . 20 


Number of genera in the Gaj scries . . . 


. . . 20 


„ species „ „ ... 


. . . 41 


Species common to more than one series 


. . . 1 



The result of comparison of the species of the Cretaceous series with those of 
other localities shows them to belong to an horizon which is not represented in Europe, 
and that they probably belong to passage-beds between the Secondary and Tertiary 
formations. 

The Ranikot series appear to be of the age of the Nummulitic of Europe, and the 
Khirthar also. 

The Nari series appear to be of Oligocenc age. 

The Gaj series are Miocene, and not of an early part of the formation. 
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XIIT. Result* of an Examination of the Species which hare been described by 
I)' Arc hi ac and Jules Haimc and myself in former years. 

• 

It will be observed, in examining the lists of the species of fossil Corals described 
in this Monograph, that several of those which were noticed by MM. d'Archiac and 
J. Haimc in their celebrated work on the ' Animaux Fossiles de l'lnde," and some 
of those which were considered in my essay on the Fossil Corals from Sind (1SG4), 
are not mentioned. This arises partly because the carefully made collection of the 
Geological Survey of India, from known localities, did not contain specimens of the 
forms, and partly because some of the species were described from or recognized by 
bad specimens. 

MM. d'Archiac and J. Haime examined collections which came from all the 
geological horizons of .Sind except that of the strata beneath the Trap ; but the loca- 
lities whence their types were derived were not recorded, except under the head of 
places which have no recognized geographical position, or where all the Tertiary 
strata arc found. The term Hala Mountains is most deceptive and it has no geo- 
graphical meaning ; and it was from those hypothetical hills that most of the specimens 
so ably described by Jules Haime were derived. 

I was equally unfortunate in my early essay with regard to stratigraphical 
and geographical knowledge. 

Nevertheless it is necessary to reconsider the species not hitherto described in 
this Monograph, but which were found somewhere or other in Sind. 



Notice of Species of Corals described by MM. d'Archiac and J. Haime, but which 
are not represented by Specimens in the Collection. 

1. TBOcnocYATHrs Van-den-Heckei, J. Haime. 

The corallum is slightly elongate, subpedicellate, compressed, and more or less 
bilobate. The base is more or less slightly arched in the plane of the smaller &\\s, 
and the growth-rings are feebly marked. The costre are straight, delicate, subgranular, 
very slightly projecting, alternately slightly unequal, and most distinct near the caliee, 
where they may be suberestiform. There are 1 30 to 1G0 of them. The calice is usually 
in the shape of the figure "8." The septa are thin and slightly unequal. The 
height of the corallum is 3 centimetres (about 1 ,*„ inch), and the great axis of the 
calice is nearly 4 centimetres in length, or 1J inch. 

But J. Haime, whilst noticing the existence of this well-known form at La 
Palarea, near Nice, writes that he has never seen a specimen from France or Sind 
that presented the columella and pali sufficiently to diagnose the form satisfactorily. 

If reference be made to the Plates accompanying this Monograph, several rather 
bilobate forms of simple corals will be observed ; but none of them refer to a Trocho- 
cyathus of the description given above. In fact, it is not a good species; and any 

v 
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bilobate, costulate coral, with its calice filled up, may be called Trochocyathm Van-den- 
Heckei, and of course very unsatisfactorily. 

2. Ceratotrociius exabatus, M. Edw. & J. Ilaime. 

Tliis large, simple coral is placed hypothotically by D'Archiac and J. Ilaime in 
Sind ; and they had not the advantage of observing its calice. There is little doubt 
that it is a species of Feddenia. 

3. Trochosmilia corxicilum, M. Edw. d- J. Haime. 

This is not a good species ; and the form which I have described as Trochosmilia 
raricosa, Reuss, is probably that taken for the above by the distinguished French 
authors. 

There are some specimens of a simple coral which resemble in some points this 
species. They were found m-ar Baduk in the Nari scries. They have between four 
and five cycles of septa, visible coshe, epitheca in a slight degree, and a small columella. 
The species may be Montlivaltia Viynei, J. Haime, or it may be a young Dasyphyllia. 

4. Trochosmilia multisimosa, J. Ilaime. 

This is a doubtful Rpccies, according to M. J. Haime, op. at. p. 187. 

There is a large bilobate coral in the collection from Jhirk in the Ranikot series, 
which has the aspect of this species as well as of Trochocyathus Van-dai-Heckei ; but it 
is a bilobate Mont Heal (id, and is comparable to a great extent with MontUmltia 
bilobata, Mich, sp., from the Nummulitic of Europe, at la Palarea. 

5. SfTMCOHU kmarciata, J. Ilaime. 

This form is represented in the Ranikot collection of Corals by a young Sfylocunia 
maxima. I do not think that the European form is found in Sind. 

0. Piitlloccema irradiaxs, 31. Edw. <f- J. Ilaime. 

This species, which was not figured by D'Archiac and Haime, is not in the 
collection. 

The specimens collected by the Geological Survey, and which, when not clean, 
would be said at the first glance to belong to the genus Phyllocmnia, are really furnished 
with pali and a papillose columella, and belong therefore to the genus Plesiastrasa. 

8. Siderastr-Ea fuxesta, M. Edw. &' J. Ilaime. 

This species has not been found. It was not figured by D'Archiac and J. Haime. 



The critical examination of the species of fossil Corals described by me in the 
* Annals and Magazine of Natural History,' 1SG4 (vol. xiii.), indicates that many of them 
were not found by the Geological Survey, and that a few only have a satisfactory 
locality given to them 
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Thas Oculina IJalensis, nobis, Phylloca>nia conferta, nobis, Phyllocaenia Lucasana, 
M. Ed. & H., Astroeeenia Caillaudi, M. Ed. & J. II., Mont/iraffia breris, nobis, AntiUia 
dentata, nobis, AntiUia ponderosa, M. Ed. & J. H., sp., Cladoeora Hairnet, nobis, Hydno- 
phora rudis, nobis, Hydnophora plana, nobis, Ifydnophora hemispharira, nobis, Trorhoseris 
aperta, nobis, Cyatltoseris Valmondoisiaca, M. Ed. & J. H., Pachyseris rttgosa, M. Ed. & 
J. H., Agaricia agaricites, M. Ed. & J. H., and Pontes inmtstans, M. Ed. & J. II., 
species clearly definable, and which were described and figured for the most part in the 
'Annals and Magazine of Natural History,' April 1864, are without satisfactory geolo- 
gical horizons. They swell the list of the fossil Corals of the province ; and it is to 
be hoped that, in years to come, they will be satisfactorily located in their proper 
stratigraphical position. They were derived from the neighbourhood of Karachi, and 
doubtless came from the Gaj series. Some of them are figured on Plate XXVI. and 
Plate XXVII. 



XIV. A Description of the Fossil Alcyonaria from the Gaj Series of Sind. 

There are several specimens of Alcyonaria from the Gaj group of strata, the size 
of which indicates a very flourishing fauna ; they arc closely allied to those of the 
Italian, Sicilian, and Australian middle and later Tertiary deposits. Seguenza, in his 
4 Disquisizione Palcontologicha intorno ai Corallarii fossili della rocca Terziaria del 
distretto di Messina' (Torino, 1863), gives a summary of the fossil forms known to him 
and to previous observers, such as Goldfuss and Michelotti; and in 1875 the author 
of this Monograph published descriptions of fossil Alcyonaria from Australia and New 
Zealand in the ' Quarterly Journal of the Geological Society,' vol. xxxi. : in 18C4 he 
had noticed the occurrence of Corallium pallidum in the Sind Tertiaries in the 'Annals 
and Magazine of Natural History' (April 1804). 

List of the Species of Alcyonaria from the Gaj Series of Sind. 

Family G0RQ0NID&, Mil. Milne Edward* If Jultt Haimt, Hut. Mat. dt* CvtaU. vol. 1. p. 134. 

Subfamily I«ID1XJC 

Genu* ISIS, Lamourour, Hut. da. Polyp, eorall. flt-x. p. 48?. 

Ibis Dane, Vunean, and variety, 
hi* clonpatJi, Duncan. 
Ui» compretaa, flnnim 
Isia, specie* 1, 2, 3. 
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THE FOSSIL CORALS AND 



ALC YONARI A. 

Family GOKQOXILM. 

Sui/amUy BUJUXM. 
Genus ISIS. 

1. Isis Dvxje, Duncan. Plate XXVIII, Figs. 1-3. 

Fragments of a huge Isis abound in the collection from Naigh-Nai valley, south- 
west of Manchhar, and also in the Gaj series ; and they appear to be characterized by 
very numerous flexuous grooves and corresponding ridges on their surface, and by 
numerous, alternately large and small, lamella? passing iuto the midst of the sclerobasic 
axis. The ridges are moderately distinct, project slightly, and are often alternately 
large and small ; they are most distinct in the smaller joints. The joints arc irregu- 
larly cylindrical, long, stout, branch at the ends, and present the appearance here and 
there of abortive interjoints. The upper and lower surfaces, nearly circular in outline, 
are slightly concave or plane. 

The great size of the joints distinguishes the form to a certain extent ; they are 
much longer than broad, anil it appears that the interjoints must have been small. 

Length of joint 2\ inches, l^j inch, and 1^ inch; breadth IV,, inch and ft inch. 

Locality. Naigh-Nai valley, in the Ciiij series (Survey-number G 3 ^), and five 
miles north-west ofTong, in the same series (Survey-number G Vu 3 ); and at Tandra 
Iiuhim Khan (Survey-number G 3 2*). 

Illustrations of the Species in Plate XXVIII. 
Fig. 1 . I*arge joint : natural size. 

2. End of a joint, part of: magnified. 

Isis Da.njs, Duncan. Variety. 

Tina form has many abortive branchlets or projections on opposite sides of the 
joints, along their length. 

Locality. Naigh-Nai valley. Survey-number G *f *. 

Illustration of the Variety in Plate XXVIII. 
Fig. 3. Joints: natural size. 

2. Isis klo.ngata, Duncan. Plate XXVIII, figs. G, 7. 

The joints are long in relation to their breadth ; the interjoints were very thin ; 
the ridges are very distinct, and the fiuting regular. The ridges are subequal, except 
when they bifurcate. The cylindrical reed-like joint is marked with the traces of 
aborted interjoints, and the ends of it arc nearly flat. 
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Length of the joint inch ; breadth i A a inch. 

Locality. Naigh-Nai valley, south-west of Manchhar Lake. Survey-number G a 4 ^. 

Illustrations of the Species in Plate XXVIII. 
Fig. 6. The joints : natural size. 

7. A transverse section : magnified. 

3. Isis cohpressa, Duncan. Plate XXVIII, Figs. 4, 5. 

The joints coalesce laterally, and form a large irregular stem, which is compressed, 
the interjoints being frequent. The ridges aud furrows are very irregular and almost 
reticulate in places, and the radial lamella; are not numerous. The joining surfaces 
of the joints arc elliptical in outline and nearly flat. 

Height of stem 2Vj inches ; thickness ^ and ft inch. 

Locality. Tandra Ruhim Khan, in the Gaj series. Survey-number G 3 %*. 

Illustrations of the Species in Plate XXVIII. 

Fig. 4. The mass : natural size. 

5. The top of a joint : magnified. 

Isis, sp. 1. 

This is a Bpecies resembling somewhat Isis cora/lina, Morren, and some Indium 
from the Coralline zone of Cape Otway, Australia, described by myself. It is impossible 
to give a specific name to the variable hard parts of every Isis. 

The specimen under consideration is short, about as tall as broad, slightly com- 
pressed, very slightly constricted, and faintly projecting above and below. The ridges 
and furrows are very visible above and below and on the flanks. On the last-named 
part the flutings are broad and straight, and the ridges are well developed and straight. 
It separates into two above aud below, and has the appearance of being notched at 
the edge of the upper and lower articulating surfaces. It is figured in Plate XXVIII. 
Figure 8 gives a side view, and Figure "J a niaguiticd view of the upper surface. The 
length is nearly V\j inch. 

An Isis, in part remarkably preserved, was found in the same stratum as that 
just noticed, and is closely allied, the only distinction being that the stria: arc less 
marked and less numerous. Hie joints arc broader than high, and the interjoint 
substance has partly been fossilized and partly not; but the position of the joints, 
one of which has a branch, is retained. This form is very like Isis hippuris of the 
Eastern seas. 

Locality. Naigh-Nai valley, south-west of Sehwiin, in the Gaj series. Survey- 
number G 

Plate XXVIII. Fig. 10. The joints: natural size. 
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Isia, Bp. 2. 

The joint is moderately long, slender, exceedingly delicately and straightly grooved, 
faintly enlarged at the ends, and the joint-surface is concave. This form is allied to 
his Pcloritaiia, Seg. op. cit. p. 1G, from Messina, in the uppermost Miocene strata. 

Height of specimen , 8 0 inch ; breadth not quite inch. 

Plate XXVIII. Fig. 11. A joint: natural size. 

Isis, sp. 3. 

The joints are long, well and pointedly convex at their ends, faintly yet decidedly 
grooved in a straight direction in some places and oblhjue in others. Small abortive 
branches arc noticed, and the grooving is only just continued over the edge of the 
upper and lower surfaces. The ridges branch occasionally, and the hotly is slightly 
broader at the joint-ends than in the middle. 

Length of joint 7 % inch ; breadth fa inch. 

Another specimen is shorter, but shows the peculiarities of the species. 

Plate XXVIII. Fig. 12. Two joints : natural size. 

13. The striatum : magnified. 

14. The convex upper surface : magnified. 

These Isidine remains give a very late facies to the fossils of the (iaj or Miocene 
«eries of Sind. 
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PLATE I. 

Figure 1. Caryopiiyllia compressa, Duncan. A side view, natural size. 

2. The calice of the coral, one system of its septa and pali, magnified. 

3. The base of the same coral, natural size, 

4. The cost«e near the calice, magnified. 

5. A side view of Caryofhyllia Indica, Duncan, natural size. 

6. A part of the caliee, magnified, showing two systems of four cycles and puli. 

7. The costs, magnified. 

8. Caryofhyllia Fkddeki, Duncan. A side view, natural size. 

9. The costs, magnified. 

10. A part of a calice, magnified. 

11. Trochocyathcs Lash, Duncan. A side view, natural size. 

12. 'Hie costa 1 , magnified. 

13. Part of a calice, magnified ; pali before all the septa, except the smallest. 

14. Smiloyrociics Jakhmari, Duncan. A side view, natural size. 

15. The costa, magnified. 

16. Another specimen, slightly magnified, side view. 

17. Its costa:, magnified. 

18. Smilotrociifs Ulan form, Duncan. A side view, natural size. 

19. A part of the caliee, natural size. 

20. The cost*, magnified. 

21. The septa, magnified. (See also Plate 111. Figure 1.) 

22. A side view of a young specimen. 

23. The costa:, magnified. 

24. Khabdofhyllia Bark.ii, Duncan. A magnified view of part of a fractured portion, 

showing dissepiments, and a rudimentary septum between the larger ones. 

" \ Side views of the corallum of different specimens. 

26. J 

27. A calice, magnified. 

28. The costa:, magnified. 
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PLATE II. 



Figure L Lnuui epithbcata, Dnnean. The upper part of • 

The circular line gives the former dimensions of the coral. 
2. The base of the same specimen. 
8. The upper surface of a smaller specimen. 

4. The base. 

5. The base of a smaller specimen. 

6. The calices, weathered. 

7. The ealiccs of Figure 1, highly magnified. 

8. A side view of the edge of the corallum, to show the perforate condition of the septa, 

magnified. 

9. A portion of the base, slightly magnified, to t 
10. A hemispherical variety. 



Digitized by Google 



G<vt .Wwy oP India.. 



11 air 11. 




Digitized by Google 



PLATE III. 



Figure 1. A mass of olive shaly sandstone, with Mollusca and many specimens of embedded 
Smilothocuus Blanforih, Duncan. Also a small portion of a Stylophora, magnified in 
figure 15. 

2. T&ochosmilia Medlicotti, Duncan. A moderate-sized specimen, side view. 
8. Its calice, magnified. 

4. The septa from a worn portion, magnified. 

5. A side view of a septum, showing the large granules and some endotbeca, magnified. 

6. Tkochosmilia Olduami, Duncan. The coral, natural size. 

7. Its calicc. 

8. Costre, magnified, the smaller being hidden by epitheca. 

9. The triplets of small septa between the larger septa in the calice, magnified. 

10. Another specimen, side Tiew. 

11. The septa, magnified. 

12. Montuyaltia Ranikoti, Duncan. The coral, natural size. 

13. The calice, magnified. 

14. The costte, magnified. 

15. A portion of a SnLorHoRA, magnified. 



Digitized by Google 



G*v>/ ■ .ft*rvwy cf India . 



Plate 111. 




iR.a-iU.U.PM.Uir.^ir 



Fns.sif Cwn/vr /htrm Sind. 



Digitized by Google 



PLATE IV. 



Figure 1. Thochocyatiius NUMMULiTicrs, Duncan. The bwe of tbe coral, natural 

2. The base, magnified, and ita worn Numuiulitc, 

3. The calico, magnified. 

4. Leptocvathits epithbcata, Duncan. The base of the coral, natural size. 

5. The base on a Numuiulitc, magnified. 

6. The granular ncpta and pali, magnified. 

7. The costa?, magnified. 

8. Feddenia elonoata, Duncan. Side of the coral, rather smaller than nati 

9. The coBtic, magnified. 

10. A section of the coral, magnified. 

11. TaocnosMiUA Oluiiami, Duncan. A large specimen. 

12. The costa?, ahowiug the intermediate sets of three, magnified. 

13. Wom-down septa, magnified. 
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PLATE V. 



Figure 1. Prion Asm.** tenitiseptata, Duncan. The caliccs, very slightly enlarged. 

2. The base of the eorallum, natural size. 

3. The junction of the septa and the columella, magnified. 

4. Prion astr.ea insionis, Duncan. The upper surface of eorallum, natural size. 

5. The calicos, magnified. 

6. The base. 

7. Pter.istr.ica mirabilis, Duncan. The eorallum in part, calicular surface, natural 

8. Some ealices, magnified. 

9. Monti.ivai.tia Vionei, D'Archiac and Ilaime. Side view of coral. 

10. The caliec, slightly magnified. 

11. The junction of septa with a trabcculate columella and endothcea, magnified. 

12. Porites Indica, Duncan. A part of the coral, slightly magnified. 

13. Calices, magnified. 

14. Poritks Pellf.orinii, D'Ach. The eorallum. 

15. Caliccs, magnified. 
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PLATE VI. 



Figure 1. Stylina tertiahia, Duncan. A part of the coralluin, natural size. 

2. Calicea, magnified. 

3. Favia MAumr.Nsis, Duncan. Sonic calicos, magnified. 
-1. Calicos magnified, showing large septo-eosUe. 

5. Fatia peduncvlata, Duncan. Part of the surface of the corallom. 

6. Calicos, slightly magnified. 

7. Cyatuoskhis obientalis, Duncan. The side view. 

8. Septa, magnified, showing syuaptieulas. 

9. Junctions of septa on a colline. 

10. Costal stria: of under surface, magnified. 

11. DirLoaii KLKxcosissiMA, D'Ach. A part of the coralluin. 

12. Two scries, slightly magnified. 

13. AsTttociENiA mimisua, Defraucc, sp. Upper part of the coral, natural 
14 Side view. 

15. t'aliccs, magnified. 
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PLATE VII. 



Figure 1. Tcrbivosebis Indica, Duncan. The corallum, natural aire. 

2. Costv, magnified. 

3. Septa and synapticulrc, magnified. 

4. TmniNosERiB Haimki, Duncan. Outline of the coral, natural »i«c. 

5. End view. 

6. Septa, magnified. 

7. Costje, magnified. 

8. Ti RnisosKitis epithecata, Duncan. Epithcca, magnified. 

9. Septa, magnified. 

10. TV rbi nose rir Uanikoti, Dunran. The corallum, natural size. 

11. Costa, magnified. 

12. TWnocrATnrs corbicula, Duncan. The corallum, side view, natural size. 

13. The base. 

1 1. Part of the calice, magnified. 

15. AsTtt.KA Morloti, Renss. Part of coral him. 

1G. Caliecs, magnified. 

17. Prion astr.ka I.vdica, Duncan. The corallum. 

18. Calices, magnified. 

19. Part of the base, indicating the shape of the coral. 
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PLATE VIII. 



Figure 1. Lepto«ia bvdxophosoidea, Duncan. The corallum, natural su». 

2. A series, magnified. 

3. Ei.tirTosr.Ris aferta, Duncan. Tbc corallum, natural size. 

4. Srpta and pali, magnified. 

5. A side of a septum, magnified. 

6. A side of a septum and some of the pali, magnified. 

7. Steph anopii vllla I.NDicA, Duncan. The corallum, natural size, side view. 

8. The corallnm from above, natural sixe. 

9. The ealieular surface, highly magnified. 

10. The edge with trabecular septa, magnified. 

11. Thochosmilia taricosa, Rcuss. The corallum, natural site. 



Digitized by 




Fo/tsiL Comis from Sifut<- 



Digitized by Google 



PLATE IX. 



Figure 1. TaocnocYATiica Narienms, Duncau. An oblique view, natural siie. 

2. Septa and pali, magnified. 

3. A transverse section of a large spetiHM n, alightly magnified. 

4. The septa, obliquely seen, magnified. 

5. The costao and cpithrca. 
G. The coBta.', magnified. 

7. Oblique view of costre at the margin, magnified. 

8. The base, natural size. 

9. The eocsta: aud epitbeca of a large specimen, slightly magnified. 

10. Side view of a tall, old specimen, natural size. 

11. Ita base. 

12. A variety of the species. 

13. The septa and pali, magnified. 

14. Tbocuocyathis cyclolitoides, Milne Edwards and Julca Ilaimc. The coral, side view, 

natural site. 
IB. The calice, natural size. 
10. The pali and septa, magnified. 

17. The costaj near the calice, magnified. 

18. A part of the base, maguified. 

19. Cyci.oliteb orientai.is, Duncan. Calice, slightly enlarged. 

20. The septa aud their filiform cuds, magnified. 

21. Septa near the margin, magnified. 
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PIATE X. 



Figure 1. RKU88.UTR.itA grand™, Duncan. A calice, magnified. 

2. Caliccs, magnified. 

3. Cos tie, magnified. 

4. Coata; ou the bone, magnified. 

5. Moktlivaltia Indica, Duncan. The corallum, natural si 

6. The banc. 

7. Part of some »eptft and cudotheca, magnified. 



9. > Side views of varieties of Trochosmilia Oldiiami, Duncan. 

10. ■> 

11. Stylina Reussi, Duncan. 

12. Calices, magnified. 

13. Longitudinal section, showing columella, magnified. 

14. The cost.-c, magnified. 

15. M.kandrina Mr.m.icoTri, Duncan. Part of corallum, natural «L 

16. A portion of a series, magnified. 
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PLATE XI. 



Figure 1. Feddenia tynca, Duncan. The corallum, side view, natural ai 
2. A part of a calicc, magnified. 
8. Coats; and part of epilhcca, magnified. 

4. Feduknia ttfica, variety 1. Septa, magnified. 

5. Granules on a septum, maguified. 

6. Feddenia tyhca, variety 2. The corallum, natural sire. 

7. Costa; and septa, magnified. 

8. Feduenia cristata, Duncan. The corallum, natural sute. 

9. Trochosebis DuroaMis, Keuss. The corallum, natural siie. 

10. Septa, magnified. 

11. Lithak.ka ora.ndis, Dunran. The corallum, natural sue. 

12. Caliccs, magnified. 

13. Reticulate appearance of costas on the base, magnified. 

14. MoNTLiVALTiA Ujunti, J. Haimc. The corallum, natural siic. 

15. Septa, maguified. 

16. Costa, exotheca, and cpitheca, magnified. 

17. A small and young specimen, natural s«e. 
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PLATE XII. 



Figure 1. Stylocosnia maxima, Duncan. 

2. Portion of the base, magnified. 

3. A pillar and calices, magnified. 

4. A calicc and margin, magnified. 
4a. Side view of a ealice, section. 

5. Aborted calice on a pillar. 

6. Small specimen, natural size, and part, magnified. 

7. AsTROCffiNIA G1BBOSA, DuUCOU. NttUirtll SIW5. 

8. Calicos with caenenchyma and raised line, magnified. 

9. Calicos with granular cocnenehyiua, magnified. 

10. Side view of a septum, magnified. 

11. AsTRocttNiA ramosa, Sowerby, var. minor. Corallum, natural aixe. 

12. Calicos, magnified. 

13. Styuocce.mia Tairinensis, Ed. & Haime. The corallum, natural size. 

14. Calicos, magnified. 
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PLATE XIII. 



Figure 1. Puhiophvllia SisniANA, Duncan. The corallum, natural siie. 

2. Coatic, magnified. 

3. Free edge of a septum, magnified. 

4. Stylookma Vkakyi, J. Ilaimc. A part of the corallum, natural 

5. A worn calice, magnified. 

6. Calices, magnified. 

7. Diagram of vertical edge of calicular margins, magnified. 

8. Cyclolitbs aumna. The corallum, natural bums. 

9. Calicular septal edge, magnified. 

10. Dasyphyllia oemmans, Duncan. A corallitc, natural B«e. 

11. Teochosmii-ia Dhajianknsis, Duncau. Natural aizo. 
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PLATE XIV. 



Figure 1. I»astr.v.a nutr.nt i.akm. Duncan. Some calicc*, magnified. 
2. A variety : calicos, magnified. 

S. 1'ac hysebis AtraciiiRoM, D'Archiac and Haimc. The upper surface of the corallum, 
natural size. 

4. A part of a series, magnified. 

5. Pobitfr kifekposita, Duncan. The corallum, natural size. 

6. A calico, magnified. 

7. AstroiOvNia cei.lpi.ata, Duncan. Calircs, magnified. 

8. Thr corallum of Plaoocyathcs stbiatis, Duncan. Natural sixc. 

9. Columella and pali, magnified. 

10. Costtc, magnified. 

11. Hlaorovia simplex, Duncan. The coral, natural i 

12. The base and eostic, magnified. 

13. Septa at the calicular margin, magnified. 
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PI ATE XV. 



Figure 1. AsTKOctKNiA Blanfobpi, nobis. The corallum, side new, natural «uw. 
2. The corallum, from above. 
8. A part of the base, magnified slightly. 

4. Calices, magnified. 

5. A dentate septum, magnified slightly. 

6. Styloccenia Ramkoti, nobis. Natural iiisc. 

7. The calices, slightly magnified. 

8. The eulieea, more magnified. 

9. A side view of a septum, magnified. 

10. AsTBoetKNiA nana, Reus*. A part of the corallum. 

11. Calices, magnified. 

12. Stylophoka ri LcueuRiUA, D'Achiardi. Surface of the corallum, slightly magnified. 

13. Calices and intermediate tissue, magnified. 

H. Stephanocckma .MiciioTi BLttct i.ATA, nobis. A part of the corallum. 
15. Calices, magnified. 

1G. A calice with an aborted columella, magnified. 
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PLATE XVI. 



Figure 1. Montlivaltia Lvnyaxi, Duncan. The eonillum, side view, natural size. 

2. Costa; ami rpithcea, magnified. 

3. TiRDisosKKia klkgans, Duncan. The eoralluni, side view, natural size. 

4. Septa, magnified. 

5. Plocopiiyixia fi.abei-i.ata, Kcuss. The eorallum, ride view, natural size. 

6. The costa>, magnified. 

7. Cycloseius Peuezi, M. Edw. & Haime. The calicc, natural size. 

8. Showing the everted margin and costa;, magnified. 

9. Tuochocyathus Nariknms, variety. The calicc, natural size. 

10. Septa and pali, magnified. 

11. Cyclolites Altavillknxis, Dcfr. The eorallum, side view, natural size. 
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PLATE XVII. 



Figure 1. Cyclolites ViCARYr, ITaimc, natural aiie, side view. 

2. Some septa, magnified. 

3. CvctOLlTEs ceem-uta, Duncan, side new, natural sil 

4. Some septa, magnified. 

5. Cvci.oi.iTrN IUnikoti, Duncan, side view. 

6. Septa and synapticuhe, magnified. 

7. Cyci-outes striata, Duncan, natural size. 

8. Septa nrar the edge, magnified. 

9. Cyclolites Haimki, Duncan, natural size. 

10. Srpta and synaptieuhr, magnified. 

11. Cvclolitem ist rERBA, Duncan, side view. 

12. Septa, magnified. 

13. Cvn.oi.iTr.B anomala, calicc, natural sue. 

14. Septa forming near fossa, magnified. 
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PLATE XVUI. 

Figure 1. THocnocvATnrs Bcrxeri, J. Haimc. Side view of the corallum, natural site. 

2. The base, slightly enlarged. 

3. A tide view of the eosUe, magnified. 

4. The ornamentation of the septa, magnified. 

5. A young coral, the epitheca maguified. 

6. The costa and base of a younger coral, magnified. 

7. Blanpobuia NUMMiroBMiK, Duncan. The calice, magnified. 

8. The base, magnified. 

9. Some septa, magnified. 

10. IsastrwKa punctata, Duncan. The corallum from above, natural size. 

11. The base, magnified. 

12. Calicea, magnified. 

13. Side view of the corallum. 

14. Kuaddopbvllu Nariknsis, Duncan. The corallum, natural siso. 

15. A transverse section, magnified. 

16. Costjc, magnified. 

17. Caumjophyllia kmj.voata, Duncan. Corallitcs, natural size. 
17 a. A long corallite. 

18. Outlines of calicea. 

19. A transverse section of a corallite, magnified. 

20. Cos tie, magnified. 

21. Stylophoha contoma, Leymerie, sp. The branch, natural aire. 

22. Calicea, 
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TLATE XIX. 



Figure 1. A small corallnm of Tiiamnastk*a Balli, Duncan. Natural size. 

2. Some caliees, magnified. 
8. A long calicc, magnified. 

4. Ijithar.ea NonrLosA, Duncan. The coral, natural site. 

5. A calicc, magnified. 

6. Cai.amophti.ua Indica, Duncan. The corallum, natural size. 

7. A transverse section of a corallitc, magnified. 

8. Plesiastr.*.* Eockxica, Duncan. A part of the calicular surface of the corallum, 

natural size. 

9. Caliees, magnified. 

10. A diagram of a septum and pains. 

11. Hyunoi hora Mamrikniii, Dun ran. A part of the corallum, natural size. 

12. A colline, magnified. 
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PLATE XX. 



Figure 1. TRocHocTATnrs nfmmifobmib, Duncan. The coralhun from above, natural 

2. Septa and pali, magnified. 

3. The base, natural size. 

4. The central part of the base, magnified. 

5. The pali of variety 1. 

6. The columella of variety 2. 

7. EciiiNnroBA maxima, Duncan. Natural size of part of coralliun. 

8. Agaricia Daw.s, Duncan. Calices, magnified. 

9. The back and base of the corallum, natural aizc. 

10. Latiuaakdra 1*810X18, Duncan. Half of the corallum, natural size. 
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Figure 1. Prionastraa fungiform in, Duncan. Portion of upper surface of corallum, natural 

2. Brachypuyllia Indica, Duncan. Part of corallum, natural size. 

3. Plmiastr«a decifienb, Duncan. Part of corallum, natural nuse. 

4. Calicca, magnified. 

5. D'Achiardia densa. The corallum, natural size. 

6. Calicca, magnified. 

7. Heliastr«a dioitata. The corallum, natural size. 

8. Caliccs, magnified. 

9. Plesiastrxa fedcnculata. Some calicca, natural siic. 
10. IIeliastkjsa axomala. Some calicca, natural size. 
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PLATE XXIT. 



Figure 1. Lattm*axpiia faiivci.a, Duncan. Caliccs, magnified. 
1*. Part of the eorallum, natural tile. 

2. Echinofora miooknica, Duncan. Upper surface of a worn eorallum, natural size. 

3. 1'kiokastr.ka Gajessm, Duneau. The eorallum, natural size. 

4. D'AcniARniA lobata, Duncan. Upper surface of eorallum, natural size. 

5. A ealiee, magnified. 

6. Poritkr Gajknsib, Duncan. The eorallum, natural sue. 

7. A calice, magnified. 

8. Leptomuma rcgosa, Duncan. The eorallum, natural size. 
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PLATE XXII I. 



Figure 1. Lkptoria conckntbica, Duncan. The corallum, natural site. 

2. Septa, magnified. 

3. Thochoctathoh G.wenris, Duncan. Side view of coral, natural size. 

4. The base and costae, slightly magnified. 

5. Antillia plana, Duncan. The corallum, natural size. 

6. Sttlopiiora mintta, var., Duncan. Calices, magnified. 

7. Stylopiioba CONPC8A, Duucan. Calicos, magnified. 

8. Cladocoha IIaiuki, Duncan. Side ricw of pieces of a corallum. 

9. Caliee, magnified. 

10. Dasyphyllia, species. Part of a corallum, natural six*. 
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PLATE XXIV. 

Figure 1. A calicular tiow of a coralluin of Latimjeaxora iarvila, Duncan, with long scries, 
natural size. 

2. CAJivoruvLLiA Gajknsih. The corallum, side view. 
8. The calice, slightly magnified {x 1'5). 

4. Montliyaxtia Jacquemonti, D'Archiac & Haime. The corallum, natural size. 

5. Pachtserix kxarata, Duncau. The corallum, natural size. 
G. A portion, magnified. 

7. Pachvsebis Arrixis, Duncan. A portion of the coral, natural size. 

8. A portion, magnified. 

9. Plksiastrju costata, Duncan. A portion of the coral, natural cue. 

10. A calice, oblique view, magnified. 

11. Aniillia I ml i. a. Duncan. The corallum and calice, natural size. 
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Figure 1. Stefhanoc(Ikia maxima, Duncan. A calice, magnified. 
2. A calice, seen obliquely, magnified. 

S. Latim*andra Rajensis, Duncan. Some calicos, natural sise. 

4. Calices, magnified. 

5. ] , > i m i n 1 1 .[ ltF.rssi, Duncan. A part of the corallum, natural size. 

6. Astrjeopora hemhspiurica, Duncan. The corallum, natural size. 

7. Tcrbinaria Sitaenms, Duncan. Part of the corallum, natural we. 

8. A portion of the upper surface, magnified. 

9. Mabrepor a, «p. A branchlet, natural sire. 
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Figure 1. Monticclastrju insionis, Duncan. A part of the corallum, natural »iie. 
2. Some eollincs, magnified. 

8. A longitudinal section, showing the columella and endotheca, magnified. 

4. MoNTici LARTRTA iN.rqirALis, Duncan. A part of the top of the corallum, natural 

5. MoNTieiLAsTiueA solidiou, Duncan. A part of the upper portion of the coral, n 

size 

6. A colline, magnified. 

7. Hvdnopiioka ai'nis, Duncan. A part of the upper surface of the coral, natural si; 

8. Some collines, slightly magnified. 

9. HvDNornoaA plana, Duncan. A part of the calicular surface. 

10. Collines, slightly magnified. 

11. H YDNornoRA Dan.e, Duncan. Some collinca, magnified. 

12. HvDNOmoaA ucmi-i h ihk v. Duncan. Collines, magnified. 

13. Cvci.osr.Rts MAONiricA, Duncan. A calicc, slightly magnified. 
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Figure 1. Movrtcoi-A8TK.iu elonoata, Duncan. A part of the coralluni, natural size. 

2. Collincs, magnified. 

3. IIemastrjia Sindiana, Duncan. A part of the corallum, natural size. 

4. Calices, magnified. 

5. Phyi.u>c<kma roxrERTA, Dunean. The corallum, uatural size. 

6. Calices, magnified slightly. 

7. A calice with coata-, magnified. 

8. Cyatiioseris ibrervlabis, Duncan. A worn specimen, natural size. 

9. Trochoskriis ArEKTA, Duncan. A side view, natural sbtc. 
10. The calice, magnified. 
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Alcyonaria. 

Figure 1. Isw Dan T., Duncan. A Urge joint, natural size. 

2. End of a joint, showing the rudii, magnified. 

3. A variety. The joint* with lateral projections, natural size. 

4. Isis compressa, Duncan. The stem, natural size. 

5. The top of a joiut, magnified. 

C. Isis elonoata, Duncan. Portions of the stem 

7. A transverse section, slightly magnified. 

8. Isis, species 1. A joint, side view, natural 

9. The upper surface, slightly magnified. 

10. Joints of another Isis, natural size. 

11. Isis, species 2. A joint, natural size. 

12. Isis, species 3. Two joints, natural size. 

13. The striation, magnified. 

14. The convex upper 
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PREFACE. 



Haying completed the descriptions of the Fossil Echinoidea from the two lower horizons 
of the Tertiaries of Western Sind, we began to study the forms which were found in 
the Khirthar and Nari series of that country. In all this research we obtained but 
little assistance from the many admirable works which have of late years been written 
on the Tertiary Echinoidea. We found that we were working amongst faunas which 
were singularly isolated. Moreover, not a little perplexity was caused by our inability 
to discover traces of many of the species which were described by d'Archiac and 
Haime in their classical work, 'Sur les Animaux Fossiles de l'lnde,' as characterizing 
Nummulitic strata. 

Some very valuable descriptions of Egyptian and Lybian Nummulitic Echinoidea 
have lately been published by de Loriol ; and we considered that it might be advisable 
to investigate the fine collection of Echinoidea from the Tertiaries of Kachh and 
Kattywar which had been carefully collected by the Geological Surveyors of India 
under the care of H. B. Mcdlicott, Esq., F.R.S., the Superintendent of the Survey. 
We hoped to trace affinities between the Sindian and Kachh faunas on the one hand, 
and between those of Egypt and Kachh and Kattywar on the other. Hence this work 
appears before our Memoirs on the Fossil Echinoidea of Western Sind are completed. 
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A DESCRIPTION 

OK THE 

TERTIARY FOSSIL ECHINOIDE A 

OF 

KACHH AND KATTYWAR. 



I. Remarks on the Geology of Kachh in Relation to that of Sind and Kattywar. 
By W. T. Blanford, F.R.S., late of the Geological Survey of India. 

My friend Professor P. Martin Duncan has asked me to write a few lines on the 
Tertiary rocks of Cutch (Kutch or Kachh) and their connexion with the corresponding 
formations of Sind, as an introduction to the description of the Cutch Tertiary Echi- 
noidea. I have much pleasure in aiding so far as I am able in explaining the relations 
of the beds ; and I find that some explanation is necessary, owing to the terms applied 
to the Kachh groups by Mr. Wynne, and adopted in the 'Manual of the Geology of 
India ' by Medlicottand Blanford, having been applied in a somewhat different sense 
by Mr. Fedden in the lists of localities sent with the fossils now described. 

Before proceeding to details, it will be useful to notice the general characters and 
position of the Cutch Tertiary rocks, their connexion with the formations of the same 
age in Sind, Kattywar, &c, and the accounts given of them by different observers. 

Kachh, or Cutch, it is scarcely necessary to say, is a district lying east of the mouths 
of the Indus, and surrounded on three sides by a flat marshy plain called Ran, and 
composed of alluvial deposits, the fourth or south side bordering the sea and the Gulf 
of Cutch. The Tertiary rocks occupy a belt, varying in breadth from about 4 miles to 
20, between the alluvium near the coast and the older Mesozoic rocks in the interior. 
The Tertiary belt laps round the older rocks to the westward, where the whole of the 
Tertiary series is best exposed, and a few outliers occur even north of the Mesozoic 
area. 

B 



Digitized by Google 



2 



THE TERTIARY FOSSIL ECHINOIDEA 



West and north-west of Cutch a wide area is occupied by tbe Indus delta, and the 
Tertiary beds only reappear in Sind after an interval of about 80 miles. There is nearly 
the same break to the southward before the corresponding formations are met with in 
Kattywar. The Sind beds form a part of the widely developed Tertiary region that 
extends northward to the foot of the Himalayas, and westward to the Persian Gulf or 
even further. The classification of the Sind Tertiary beds lias already been explained*, 
and the different subdivisions may now be accepted, on the evidence of tho corals and 
Eehinoidea, as occupying the following position in the geological series: — 

Manchhar or Siwalik, Upper .... Pliocene. 

„ „ Lower .... Upper Miocene. 

Gaj Miocene. 

Nari, Upper lx>wer Miocene. 

„ Lower Oligocene. 

Khirthar Eocene. 

Ranikot Lower Eocene. 

The beils beneath the Ranikot group form apparently a passage to the Cretaceous 
system . 

Of these different groups the I/>wer Nari and the Gaj, both highly fossiliferous 
marine formations, occur with but little change throughout Sind ; both, however, dis- 
appear completely further north. The Ranikot appears to be purely local, and is 
confined to the country m ar Tatta, Jhirak, and Kotri. The Khirthar group comprises 
the massive Nummulitic limestone of the Baluchistan frontier, in places 1500 to 3000 
feet thick, and a great thickness of shales, marls, and sandstones beneath the limestone. 
Some of these shales and marls on the frontier of Northern Sind and to the westward 
may represent the Ranikot group of the I/>wer Indus valley, although they do not 
contain its peculiar fauna. Where the Khirthar beds rest upon the Ranikot group 
they have lost greatly in thickness, the great limestone bed is represented by a number 
of thinner beds interstratified with sandy and shaly deposits, and the fauna, although 
rich, differs materially from that of the great limestone band of Northern Sind. 
Further research to the northward has shown, in fact, that these great belts of Nummu- 
litic limestone are of very irregular occurrence, that they vary in thickness by thousands 
of feet in the course of a few miles, and that they may occur at different horizons in the 
Eocene system. 

The Tertiary rocks of Kachh were divided by Captain Grant f, the first geological 
explorer of the province, into Nummulitic and Tertiary, the former, in accordance with 
the views prevalent at the time, being considered Pie-Tertiary. MM. d'Archiac and 
II ai me, however, classed both divisions as Eocene; and their views, which were quite 
erroneous, have long misled geologists both in India and Europe. Mr. Wynne, in his 

* ■' FobhI Coral, of Sind," P«l. Ind. Brr. liv. vol. i. 1&80. 
t Trans. Geol. Soc. Ecr. ii. vol. v. pp. 30O. &c. 
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Memoir on the Geology of Cutch, classed the Tertiary beds thus (Mem. Geol. Surv. 
Ind. vol. ix. p. 75, and MSS.) : — 

P. Upper Tertiary. 
E. Argillaceous group. 
D. Arenaceous group. 
C. Nummulitic group. 
B. Gypseous shales. 
A. Subnumraulitic. 

The lower four subdivisions, A, B, C, D, he considered Eocene, the group E Upper 
Eocene or Miocene, P the Upper Tertiary, Miocene, or Pliocene. In the 'Manual of 
the Geology of India,' p. 344, the only important modification was that the Argillaceous 
group E was classed as Miocene, and equivalent to the Gaj group of Sind, the Arena- 
ceous group being supposed, though with much doubt, to be the same as the Sind 
Nari. 

In the collection of Cutch Echinoidea sent to England for examination the speci- 
mens are labelled from two subdivisions, the " Nummulitic " and the " Arenaceous 
group." There is clearly a mistake in the latter name, for the fossils are shown, by 
their nature and localities, to be from the " Argillaceous group " of Mr. Wynne's 
memoir and map. These beds are the Tertiary beds of Captain Grant, and are now 
shown by the examination of the fossils to be of Miocene age. It will be well in 
future to cease to employ these local terms of Arenaceous and Argillaceous groups ; 
like other mineral terms they are liable to mislead, and in this case they have been 
confounded. It is clear that the Miocene beds of Cutch arc allied to the Miocene 
or Gaj of Sind, some of the fossils, as llreynia carinata (the most characteristic 
Gaj species) and Crelopliurus Furbesi, being identical. "Whether there is any difference 
will probably be better decided after the Echinoidea from the Gaj series are examined. 

It appears also that representatives of the Nari or Oligocene limestone occur in 
Cutch, where they have not been distinguished on the map from the Eocene Num- 
mulitics (in Sind the separation was entirely due to an examination of the species of 
Foraminifera occurring). The Arenaceous group of Mr. Wynne's memoir and of the 
manual, but not of the present monograph, corresponds, both in position and mineral 
character, with the sandy Upper Nari group of Sind — a somewhat important subdivision, 
as it has now been traced northward up the Suleman range of the Western Punjab. 

The Kattywar Echinoidea are all Miocene ; but it is possible that a thin repre- 
sentative of the Eocene system occurs in Kattywar, as it certainly does in Eastern 
Guzerat near Surat. Kattywar is now uudergoing examination by Mr. Fcddcn, whose 
description has not yet been published. 
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II. List of the Species of Fossil Echinoidea from the Xummulitic Series of Kachh. 



Ordtr ECHINOIDEA EHDOCTCLICA. 

Family QLYPHOSTOMATA. 

Subfamily T F. V XOTL EUIl 1 DM. 

Genus ABAcmnoFLEUitiri, Duncan $ Sladen, 1882. 



Order ECHINOIDEA EXOCTCLICA. 

Suborder GNATHOSTOMATA. 

FamUy CLYPEASTRIDJB. 
Subfamily Eccltfeastsxdjb. 
Genus 8ismowdia, Door, 1867. 
SUmondia polymorph*, Duncan 4 Sladen, var. sufflate: p. 91. 

Genu. Cltpeabtkr, Lamarck, 1801 . 

Suborder ATELOSTOMATA. 

Wj CASSIDULIDAi. 
Subfamily Eciu s us tm m. 

Genu* AlCBLTPYOua, Ayassiz, 1840. 
Amblypygus altua, §p. nor. : p. 16. 
pentogonalia, »p. nov. : p. 18. 

Subfamily Ichisummhm. 

Genus Echixolahpas, Gray, 1825. 
Echinolampaa alto, ep. nov.: p. 10. 

. variety : p. 22. 

Feddeni, ep. nov. : p. 23. 

KachetuiB, up. nov. : p. 25. 

Haimei, ap. nov. : p. 26. 

Dameai, ap. nov. : p. 27. 

insignia, «p. nov. : p. 29. 

Vicaryi, d'Archiac d- Uaime : p. 33. 

up. : p. 31. 

ap. : p. 32. 



Arachniople 



*iculatu», var., 




: p. 1L 
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Family 8PATASG I 

Subfamily Spata Jtai!t*. 

Genus llEWABTKB, Detor, 1S17. 

, ap. nov. : p. 34. 

ctruiaium ap. nov. : p. 35. 

up. : p. 35, 

Gmut Schizahtkb., Ayauiz, 1836. 
Baluchi? tatwnsis, iTAnhiac, variety : p. 33. 



Genu* PEWPsrxrsTEs, Cotteau, 1875. 
insignia, ap. nov. : p. 42. 



Gtntu Ei'spat/ahgi"*, Aynuis, 1847. 

Eu»p*t»ngui affinia. ap. nov. : p. 40. 

, d Archuw, p. 47. 



List of the Species of Fossil Echinoidea from Strata in the Upper Part of the 
Xummulitk Series, with Orbitoides in some instances. (Ougocexe.) 

Order ECHINOIDEA EXOCYCLICA. 

Suborder GNATHOSTOMATA. 

Family CL YPEASTRI DJB. 
Subfamily ElIClYPB ABTBID.5. 

Genu* Cltpeabteb, Lamartl; 1801. 

ClypoMtcr Sowvrbyi, ap. nov. : p. 40. 

Carteri, ap. nov. : p. 49. 

Falorienaia, ap. nov. : p. 50. 

Subonlrr ATELOSTOMATA. 

Family CASSIDULTDJE. 
Subfamily EcmsroLAMPlXJ! 

Genu* Eouholampas, Gray, 1825. 
ap. : p. 50. 

Family SPATAXQ1DJB. 
Subfamily 8PATAKOIW.*. 

DBPATAiveca, Agamz, 1847. 
rostmtua, cTArchiae : p. 51. 
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List of the Species of Echinoidea from the Miocene Series of Kachh. 

Ortttr ECHINOIDEA EHDOCTCLICA. 

Family CIDARW&. 
Gtnv* Cidabh, KKm, 1734. 
Cidaris IlakensiB, tTArthiac <fr llaime : p. 51. 

GttiHt GoMtn-iDABJg, Dttor, 1846. 
GonioridarU nflini*. up. nov. : p. 52. 

Family ARB AVI AT) A 7 ,. 
Oentu Qmummm Ayauiz, 1*4<>. 
CuplopleuruM BorM, (VArthiar £ /laimt: p. 53. 

Family GL YPUOS TOUA TA . 

Subfamily Timsohiueid.1. 

Genu$ TKMSECIIIxra. Forhrt, lN'>2. 

TfnnwhinuK KousBeaui, il'Archiae, up. : p. 57. 
(Syn. Tomnopleuru* Kou«***mi, WArehiac.) 

Onln- ECHINOIDEA EXOCTCLICA. 

Sabvrxlrr GXAT1IOSTOMATA. 

Family CLYPEASTRIIhE. 
Subfamily Eiclii-kabthi dm. 
Genu* Cltpeabtek, I^amarel; 1901. 
Clypeaster deprf ssu-, Suu-rrby : p. 58. 

Wnageni, sp. nov. : p. 58. 

Goiivumb, sp. nor. : p. 51). 

Ormi* EciirsouisctB, lireyniui, 
Echinodiscus DeBori, sp. nov. : p. 60. 

S«b„nUr A TELO.STOMATA . 

Family CASSI1H r UD<K. 
Subfamily Ec 11 1 K O L A M PI y M. 
Omit* EcilLNOLAJU-AE, Gray, 1*25. 
Ecbinolainpa.1 Indira, sp. uov. : p. 01. 

Wynnei, »p. nov. : p. 63. 

• Iphmroidalis. tl'Archiar : p. 64. 

Jaequeiuouli, if Archive : p. 64. 

Family SPATASGWJS. 
Subfamily SpaTaJtoix.*. 
Genu, Moika, A. Ayauiz, 1872. 
Moira antiqua, »p. nor.: p. 84. 
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Qenut Dutv-M i. Detor, lfS47. 
Br«yiiitt oariwiUi, <f Arrhiae Je Huime : p. Ufi. 

deniu Troschf.lia, Duncan if Hltultn. 
Truschelia tuberculata, sp. nov. : p. 67. 

G$nm EcWATA.no rs, Aganiz, 1847. 
Kuapttengu* patollarK <T Archiae <J- Uaime : p. 70. 

A Species of unknown Geological Position in Kachh. 
(htm Schuaster, Ayauiz, 1830. 
Sohiraater Granti, »p. nov. : p. 70. 

III. List of the Species of Echinoidea from the Tertiaries of Kattywar. 
(Miocexe Formation.) 

Order ECHINOIDEA EWDOCYCLICA. 

Family C1DA&IDA?. 

Omit Cidahis, Klein, \ 7M. 

Cidaria deprpoaa, sp. nov. : p. 80. 
granulata, up. nov. : p. 80. 

am% abbagiahjb. 

(Jtnn» CsLuFUvm-s, A'jauiz, 18-10. 
Calopleunw Korbwi, •l Ardtiae f llaiau i p. 81. 

BmOf or. TPBQ8T0MATA. 
£u//niNi7y Tkipleciiixik^. 
QtM» Grammecui.Mii, Dnman fSladen. 
i»p. nov. : p. 



.Sulifamiht T E H ■ 0 r L E r 1 1 1> m. 
Qenut TKH.NECillsrn, Parht*, 18'.:2. 
binua coatatus, tl'Arehiae, up. : p. 84. 
Koussonui. il'Archiae, sp. : p. 84. 

tnbtrcalMM, fjr&m, §p. : p. 85. 

affini*, up. nov.: p. 80. 

"■■'■■■ECHINOIDEA EXOCYCLICA. 

Bmwdtr GXATHOSTOMATA. 

Family CL 1 'PEAS TJl I DJS, 
Subfamily KucLTrEASTRlDJC 
Onrns Clvpeasteb, Lamarcl; 1801. 
Clyjvaster depressus, Sowtrbij; p. 00. 
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Family SPATASQIDJL 
Subfamily Spat AN0I5 M. 
Genu* Buiaaanu, Agattis, 1840. 
Bris«op»i*, op. : p. 89. 

Genus Schua«ub, Ayamz, 1836. 
Srhizant«r (iranti, Duncan \ Sladen: p. 88. 

Genus B*f.ti»ia, Iktor, 1847. 
Brevnia carinnta, rf" ,4rrAi<if Haimt : p. 90. 

Cchim Kcnp»TAWors, Agassiz, 1847. 
Euap»tangus patella™, -rjrrA.W: p. 87. 

Total species from the Miocene of Kattywar . . . . IS 
Species common to Kachh and Kattjrwar 6 



List of the Specie* of Echinoidea from the Tertiary Strata of Kacfrft. 
(XcMMiLiTic Series.) 

1. Antchniopleurus ntieulatua, var., Duncan if Sladen: p. 11. 

2. Sismoadia polVtaorpha, Duncan f Sladen, var. sufflata: p. 91. 

3. Clypawtor apertun, Dunettn <$• Sladen i p. 11. 

4. Aroblypygua altua, Duncan 4' Staden : p. lfi. 

5. pentagunali*. 4' Sladen: p. Is, 

6. Echinolampas alta, Duncan fJSUuttn: p. 19. 

7. variety : p. 22. 

8. Feddeni, Duncan ,j- Sladen : p. 23. 

9. Kacheiuis, Duncan 4' Sladen : p. 25. 

10. llaimvi, Duncan 4' Slatlen : p. 26. 

11. Darnc-i, Duncan «j- Sladen: p. 27. 

18, inuguix, Duncan Sr Staden : p. 29. 

13. Vicaryi, >f Archiac cy Uaitne : p. 33. 

14. sp.: p. 31. 

16. op. : p. 32. 

10. Han&MterdecipUnu., Duncan * Sladen : p. 34. 

17. MiririJitus. Duncan 4- Sluilen : p. 35. 

18. ap. : p. 35. 

19. Scbiaostor Ualuohistnnen.sU, iTArthiac, variety : p. 3>>. 

20. Pi ripni-iwt»-» insigiii*. Duncan 4- Sladen : p. 42. 

21. Euspatangu* ailimi. Duncan 4' Hadtn: p. 48. 

22. rwtratu*. .rArchuic: p. 47. 

From beds above the Xummutitir zone and from Strata with Orbitoides. 

(OuOOCBHH.) 

1. C'lvjuaator Sowerbyi, Duncan 4- Sladen : p. 40. 

2. Carteri, Duncan 4' Sladen : p. 49. 

3. - Fnloricusia, Duncan 4" Slatlen : p. 50. 

4. Kchinolampaii, sp. : p. 50. 

5. Euapatangua rostrate, tT,ii*Aia<: p. 51. 
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From the Miocene Series. 

1 . Cidaris llahu-n-i-. <f Arehiae $ Ilaime : p. 51. 

2. Ooniocidsrio sfllnis, Duncan «j- HUi-len : p. 52. 

3. Ca>loplt'uru« Pnrbeni, <r Arehiae \ BnUt$l p. 53. 

4. Trmnechinuii BouBiteaui, d'Archiac : p. 57. 

5. ClyiiMHter dfptt-swum Saucrhy : p. 58. 
ft, Waageni, Duncan d- Sla.lrn ; p. 

7. Clotronji's, Duncan <jr fflwfal I p. 50. 

8. Kchiiwdlicu* IVaori, Duncan »$• Sladen : p. SO. 
0. EchinoLampa* Imlkn, Duncan Jf Sitvltn: p. 61. 

10. WYnnei, Duntan J- SlatUn : p. 03. 

11. aphicroidalu, (TArchiac: p. 04. 

12. Jacqueitionti, <r ylrrAinc : p. 64. 

13. Mirira antiqua, Z>wjk-<iii J- Slailtn : p. 84. 

14. Brwvnia carinata. d'Archiac d- tfaimt : p. 66. 

15. Troschelia tuherculata. Duncan d' Sladtn: p. 07. 
10. Euapatangua patella™, -f.lrrA.af J- ffrnW : p. 70. 



Uncertain position. 
1. Schizaster Granti, Duncan d- Sladtn : p. 70. 

Total species and varieties from the Nummulitic scries 22 

„ „ „ „ Oligocene series 5 

„ „ „ Miocene series 16 

n „ „ of unknown position 1 

Total 44 

Of these, one form passes from the Nummulitic to the Oligocene 1 
One form is from an unknown position 1 



2 

Localities whence the Echinoidea were derived. 

Nl'MMliLITIC. 

Arachniopleurus reticulatus, variety, Amblypygus altus, A. pentagonalis, Echino- 
lampas alta and variety, E. Feddeni, Peripneustes insignia, Schizaster Baluchista- 
nensis, d'Archiac, Hemiaster dccipiens, and //. carinatus were found in a canon in the 
Nummulitic rock between Maniara-Fort hill and Karray, about three miles east of Bair. 

Echinolampas Ilaimei, E. Yicaryi, d'Archiac & Haime, Echinolampas (species of E. 
Sindensis d'Archiac type), and Clypeaster apertm came from Nummulitic beds west of 
J linagia, north of Iera. 

Echinolampas Damesi, E. insignia, Echinolampas (species of E. discus type), and 
Euspatangits affinis came from a mile cast of Ooir near Narainsir, from a bed with 
Pecten and Nummulites ; Echinolampas Kachensis from near Wagka-padar, upper part 
of Nummulitic beds ; Euspatangus rostratus, d'Arch., and Sismondia polymorpha, var., 
came from N.E. of Pipur. 
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UlTEB NUMMPLITIC OR OlIGOCENE. 

A species of Echinolampaa distantly allied to Echinolampaa globulus, I.aube, from 
between Bayow and Didapur, south-west of Lakpat, Orbitoides group; Euapatangua 
rostratus, d'Archiac, in beds three or four miles N.N.E. of Pipur, without Nummulites ; 
and the three species of Clypeaster came from the name position. 

Miocene. 

ddaris Ilalaensia, d'Archiac, and Goniocidaria affinis came from Warsar north of 
Jakao; Temnechinus ftoussraui, d'Archiac, sp., from north of Akri, south of Hair. 
Clypeaster depressus, Sow., is found east of Goir near Narainsir j river east of Sujapur ; 
near south bank of the river from Teyra, north of Nalia ; south-west of Kotari, &c. 
The other species of Clypeaster from a mile east of Goir ; Echinodiscus Desori from three 
miles north-west of Kayari, near Narainsir. Echinolampaa Indira, E. IVynnci, E. Jacque- 
monti, and Moira antiqua are from Wanniti ; Echinolampaa xphceroidalis, d'Archiac, from 
a stream-course near Pipiir, bordering the tidal flats. Euapatangua patellaria, d'Archiac 
and Haime, is from Wahior Stream near Chiropira ; the lireynia is from Biitta, near 
Iera ; and Troschelia tuberculata is from a stream.course north-west side of llikelu Hill. 

Sc/dzaster Granti, nobis, is most probably from a zone above the Nummulitic beds. 

Liat of the Sjmiea of Echinoidea from Kattywar. (Miocene.) 

1. (.'idim* dt>pr«-ssa, Duncan <$■ Stolen : p. SO. 

2. grauulata. Duncan $ Stole*: p. SO. 

:). fiplopleuruii Forbmi, <rArehiae : p. 81. 

4. Grammecliinua rpgularis, hmtenn »y Shidrn ; p. 82, 

5. IVnmcchions costatus, d' Archaic, sp. : p. 84. 
(>. Housst-atii, iVAnhto, sp. : p. 84. 

7. tuberculoati*. iCAnhiac, sp. : p. 85. 

8. affinis, Duncan /( Stolen : p. 86. 

9. C!v|»'a«lor tl<'pr*"ius, ,SW. ; p. 80. 

10. BrissopMH, sp. : p. 

11. Scbizaater Granti, Duncan If Sladen: p. 88. 

12. Hrevuia cariuata, iCArAiac : p. 90. 

13. EusiMtaiigus patollaria, iFArchiac: p. .~<7. 

Species common to Kachh and Kattywar. 

1. Onlaplearas Forbe«i, d'Archiac 

2. Temiiwhiiiui Kouumui, d'Archiac, sp. 

3. ClypcMtvr deprcasua, Sow. 

4. Srhizastt-r Granti, Duncan If Sladen. 
•>. Brt-vuia carinata, <rArchiae. 

0. Euspatangus patellar!*, d'Archiac. 

Localities of Kattywar Miocene Echinoidea. 
Half a mile east of Lowarali, Oka Maudol ; east of Gurgat, Western Kattywar ; 
three miles E. by N. of Gaga, and S.E. Gurgat ; near Gaga, Western Kattywar. 

A much-worn specimen of what Sowerby terms Spatangus elongatus was found two 
miles N. of Visawara, above Forbandar. Tt is probably a Brissopsia. 
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IV. Description of the Fossil Echinoidea of the Nummulitic Series of Kackh. 

Order ECHINOIDEA ENDOCYCLICA. 

Family GLYPUOSTOMATA. 

Suhfamib, TEMXOPLEUBI DJi. 

Genus ARACHNIOPLEURUS, Duncan &■ Sladen, 1882. 

A solitary specimen of this genus, which was diagnosed in the " Fossil Echinoidea 
of Western Sind " (Pal. Indica, series xiv. vol. iii. fasc. 2, p. 42), is in the collection from 
Kachh. It is evidently a variety of the species Arachniopleurus reticulatus, Duncan & 
Sladen, of Western Sind, from the ltanikot series, found underneath the great develop- 
ment of Khirthar Nummulitic limestone. 

1. ABACHNiorLEURUS reticulatus, Duncan &■ Sladen, variety. Plate XI, Fig; G. 

This species was described by us in the " Fossil Echinoidea of Western Sind " (Pal. 
Lad. ser. xiv. vol. iii. fasc. 2, p. 42, and figured on plate is. figs. 6, 7, 8). 

The variety differs from the type in having vertical ridges between the transverse 
ridges of the interradia, making the ornamentation more reticulate, and in having 
two costal ridges placed vertically below the perforate and creuulate tubercles of the 
interradia. 

Locality. From a canon in Nummulitic rock between Maniara-Fort hill and Karray. 
Survey-number C 050. 

Illustration of the Variety in Plate XI. 
Fig. 6. Part of the test: magnified. 

Order ECHINOIDEA EXOCYCLICA. 

Suborder GNATHOSTOMATA. 
Family CL YPEASTRIDJB. 

8«i.fami^ WCL i VEAST1UDM. 

Genus CLYPEASTEK, Lamarck, 1801. 

A true Clypea&ter, with very remarkable ambulacral developments, and possessing 
the needle-shaped pillars near the edge of the test aud between the ambulacra within 
the test, is in the Nummulitic series of Kachh. Unfortunately the posterior part of the 
test is absent and the apical system also. The peristome is covered with a very solid 
mass of Nummulites. 

L Cltpeastee ajpebtub, Duncan Sladen. Plate VI, Figs, (i, 7. 

The test is oval-elliptical in marginal outline, very flat beneath, very depressed, 
with a thin rounded-off edge, and it slopes at first very gradually from the margin to 

c2 
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the apical system ; but the rise of the test is very slight in relation to its breadth. 
There is no marginal swelling. Apical system absent. The ambulacra are subequal, 
and end marginally within one third of the distance from the edge to the apical system. 
The inter poriferous zones are broad and the poriferous arc narrow, and instead of 
approaching distally are wide apart and everted, so as to become more distant at their 
ends than at a little way within the petal. The pores are subequal, the test is thin, 
and the needle-pillars are numerous. 

Length from front to apical system 45 millim. ; greatest breadth 85 millim. ; height 
17 millim. 

Locality. Nummulitic series, west of Junagia, north of Iera. Survey-number 
C 060 A f. 

Illustrations of the Species in Plate VI. 

Fig. 6. The upper part of the test : natural size. 
7. Ornamentation: magnified. 

Suborder ATELOSTOMATA. 
Family CASSIDUUDAl. 

Subfamily KCMSOXEIXA!, A<jauiz, 1MT. 

Genus AMBLYPYGUS, Agassiz, 1840. 

Amongst the collection of Echinoidea from the Nummulitic strata of Kachh which 
was obtained by the Geological Survey of India are several fine specimens of the genus 
Amblypygus. The condition of preservation of the specimens is very good, and we are 
enabled to offer a description of the structural details of their teBts, which it is hoped 
will assist palaeontologists to comprehend the well-marked genus better than they have 
hitherto been able, in consequence of the imperfect condition of most European, 
African, and American specimens. 

Probably the descriptions and illustrations of these forms from Kachh will influence 
the classificatory position which has hitherto been assigned to the genus Amllypygus. 

The genus is not represented in the lower Nummulitic series of Sind, called the 
Ranikot scries. On searching amongst the collection of the Echini from the regions 
of Sind and Kachh, in the Museum of the Geological Society of London, we found a 
form from Kachh from a Nummulitic horizon at Babua Hill, and which was described 
as Galerites pulvinatiis, Sowerby, in a memoir by Captain Grant, Trans. Geol. Soc. 
vol. v. part 2 (read 1857), tab. xxiv, fig. 26. 

This specimen has its actinal surface hidden, and therefore nothing but guesses 
could be employed in attempting its generic position. Desor, in his ' Synopsis des 
Echinides,' page 321, classifies this form in the genus Conoclypeus, and states that it is 
a large Urchin with a circular outline and hemispherical. The petals are long and 
open. The length 3$ inches, and the height 1 inch. He considered that it was allied 
to Conoclypeus Duboisii, Agass., of the Crimea and the Bavarian and Swiss Alps. 

On comparing this very badly preserved specimen with those which are about to 
be described, there is no doubt that it belongs to the genus Amblypyyus. Never- 
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theless the examination of the form has not been of the least assistance in investigating 
the anatomy of the test. Desor (op. cit. p. 255, tab. xxx, figs. 7-10) gives the 
generic diagnosis of Amblypygus and the essential diagnoses of the species known in 
1858. 

Agassiz founded the genus in 1810; and the diagnosis is as follows: — "Large 
Urchins, depressed and circular or ovoid in outline, with thick margins. The petals 
are largely open and extend to the margin, and they have very narrow poriferous zones. 
The peristome is central, and more or less angular (many-cornered). There is no 
floscelle. The pcriproct is very large and pyriform, and is situated on the inferior 
surface between the margin and the peristome." 

Desor adds in a note:— "At first sight this genus greatly resembles that of 
Conoclypeus, but differs essentially from it in the absence of a floscelle. It is really nearer 
Pygaulus in its alliances, from which it is distinguished by its shape and pcriproct." 

The species noticed by Desor are as follows : — 

Amblypygcs apiieles, Agast. 

Amblypygus apbelea, Ayau. Calal. row. p. 108, tab. XT, fig*. 10, 20. 

An elongate depressed form with tumid margins. The petals are very open and 
the poriferous zones are very narrow. The pcriproct is clongato and pyriform, and 
occupies more than half the space between the margin and the peristome. This species 
is figured by Desor, plate xxx, figs. 7, 8; the figures are reduced one third. 

AmBLYI'YOI-.S DILATATTS, Ay 033, 

A large species with a circular outline, very depressed. The actinal surface concave 
and undulating. The periproct is large and elongate. 

Amblypyqts Arnoldi, Agass. 

A large subcircular form, uniformly tumid, with swollen margins. The petals are 
very divergent and with very narrow poriferous zones. It is slightly concave actinaUy. 
The peristome is small and elongate transversely. One specimen. 

Amblypyous Ajiebic.yxus, Mich. 

A large circular form with very tumid margins and vaulted upper surface. The 
poriferous zones arc broader than in Amblypygus Arnoldi. It is concave beneath, and 
the peristome is smaller than the periproct, which is large and pyriform. 

This diagnosis can be nearly confirmed by examining a specimen in the British 
Museum, but the shape is depressed and the tumid margins do not pass up to any tiling 
like a conical or vaulted apex. The abactinal surface is comparatively flat, the curva- 
ture being very small. There is a gentle slope, equal on all sides, from the highest point 
to the margin, and there is a slight flatness posteriorly. The tumidity of the margin 
is remarkable, and the swollen condition reaches only a little on to the actinal surface ; 
for when the test is laid on its abactinal surface, it will be observed that around the 
peristome, which is slightly in front of the centre, the test rises decidedly, and forms a 
broad concavity for a considerable space, which even includes the periproct. 
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The margin is slightly gibbose, and the ambulacra are very faintly projecting above 
the level of the test. The ambulacra are subequal and the poriferous zones are well 
developed. 

The peristome is oblique, broader than long, and has a greater curve to its posterior 
than to its anterior margin. The periproct is pyriform, elongate, larger than the peri- 
stome, and its anterior end is nearer the peristome than the posterior is to the margin 
of the test. The distance of the periproct from the posterior margin of the test is equal 
to half its length. 

The dimensions are as follows : — Length 83 millim. ; breadth 82 millim. ; height 
34 millim. The length and breadth may be taken as equal, and the relation of length 
to height is 1 : 0 409. 

The flat and depressed shape resembles that of Amblypygus dilatatus, the relation 
of whose length to height is 1 : 0 43. 

De Loriol described Amblypygiu dilatatus, Agass., in his 'Monographic des 
Echinides contenus dans les couches Nummulitiques de 1'Egypte,' 1881, as follows: — 

The shape is circular and as broad as long. The upper part is slightly swollen, 
uniformly convex, and slightly conical at the apex, which is rather eccentric in front. 
The actinal surface is tumid ( 4i pulvinee,*' swollen like a pillow around the impression of 
one's head) and sunken around the peristome. The margins are rounded and thick. 

The apical disk correspond. 1 ? with the culminating point of the upper surface. 

The ambulacra are flush with the test, broad and very long, reaching close to the 
edge (worn considerably in the specimen). The poriferous zones are relatively broad, 
equalling about half the breadth of the interporiferous area. The ambulacra continue 
on to the actinal surface as very small pores, which are in a slight linear depression 
reaching the peristome. The peristome is very sunken, oblique, tolerably large, and has 
the shape of an irregular pentagon with very unequal sides. The periproct is not 
visible. The tubercles (only visible below) are very small, wide apart, and are separated 
by numerous granules. 

The length of the specimen is 72 millim. ; the breadth is the same, and the 
relation of length to height 1 : 0-43 

The illustration on plate iiL of his work, fig. 2 a, b, c, is of a specimen whose 
abactinal surface has been much denuded ; moreover the area behind the peristome is 
missing. 

The shape of the peristome is preserved, and it corresponds with that of the species 
from Kachh. 

De Loriol makes some most important remarks on the specimens of this widely 
distributed species. He asserts that specimens from the Viccntin are nearly as high as 
the Egyptian form, and that one from Yberg is much flatter. He refers to Ainbbjpygus 
ajiMes, and docs not comprehend Sismonda's figure of it, which has a small pentagonal 
peristome surrounded by bourrclets. Evidently De Loriol is disinclined to admit 
the species. W ith regard to Amblypyym Amoldi, Dcsor, he says it has a high abactinal 
surface, a thicker inargiu, and a less pulvinee actinal surface and smaller peristome than 
Amblyiiyjus dilatatus. 
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De Loriol has kindly sent us an unpublished work on the Eocene Echinida of 
Egypt and Lybia, and it contains a notice of A. dilatatus. It gives the following mea- 
surements :— Length 56 millim. ; relative length to breadth as 1 : 0 91 ; length to 
height 1 : 0*41. The obliquity of the peristome is admirably shown. 

Dr. W. Dames, in his work on the Echinoidca of the Tertiary strata of the 
Vicentin and Verona (' Paleeontographica,' Cassel, 1877, p. 26), briefly but none the less 
clearly disposes of the species Amblypygus apheles from Verona, and statoB that it is an 
elongate form of Amblypygus dilatatus. He finds that Laube, in his ' Echinid. d. vie. 
Tert' p. 20, wrongly attributes Amblypygus apheles to a form from the Vicentin, it 
being Amblypygus dilatatus, and he notices that this widely distributed species has not 
always a sharp margin. 

Cotteau, 'Echinidcs des Pyrenees,' p. 109, gives the generic diagnosis of Amiilypygus, 
and adds that the ambulacral pores are oblong and conjugate, that the tubercles are 
close and homogeneous, and that there is no floscelle. 

He named a species Amblypygus Michelini; but Ley merie has found that this form 
has a subpentagonal peristome with a floscelle. Cotteau states that this renders the 
generic position of the form uncertain, and that it may be a true Echinolampas. 

The so-called Amblypygus from Malta does not belong to the geuus. 

It appears from these data that the species Amblypygus apheles and Amblypygus 
Michelini are worthless. Amblypygus dilatatus, Agass., described by De Loriol, 
is the type of the genus, and the obliquity of the peristome noticed by him becomes there- 
fore a generic character. Desor states that the actinal surface is concave ; but it is 
swollen and convex, except around the peristome, where there is a decided concavity (in 
the position of the test on its back). 

Desor states that Amblypygus Arnoldi, Agass., and Amblypygus Americanus, Mich. 
MSS., have the same appearance, and that A. Arnoldi is uniformly swollen and has a 
thick margin ; so that, according to our description of Amblypygus Americanus, A. Arnoldi 
must be a depressed form, having the relation of length to height as 1 : 0-4:}. Its 
poriferous zones are 44 tres etroites." 

The form described by Dr. Wright, F.R.S., from Malta, is not an Amblypygus, 

The species properly included in the genus Amblypygus up to the present time 
sue Amblypygus dilatatus, Agass., A. Arnoldi, and A. Americanus. 

They belong to a group with specimens having the relation of length to height as 
1 : 0 4 and 1 : 0-43. 

The chief characteristic of the specimens from Kachh is their great relative height 
and disposition to a pentagonal outline. 

There are three well-preserved specimens, and one which is within 5 millim. 
of the length of Egyptian Amblypygus dilatatus is 10 millim. higher. The relative 
dimensions are : — Kachh form, length to height 1 : 0 02. 

The range of relative length and height in the Kachh forms varies, in perfect speci- 
mens, from length 1 : 0 02 to 1 : 0 63. 

Moreover, the Kachh forms are longer than broad. Hence it is evident that the 
Kachh Nummulitic specimens belong to a new species. 
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1. AHBU7TMW altus, Duncan & Sladen. Plate IV, Figs. 1-3. 

The test is large, very thick, swollen, and subhemispherical aboTe, tumid at the 
margins and on the actinal Burface also. Marginal contour nearly circular. Abactinal 
surface sloping nearly equally to the front and back, but it is slightly more swollen 
posteriorly than anteriorly. The lateral slope approaches the curve of a semicircle, but 
is rather flatter in the upper one third. The posterior interrndium is more flattened 
than the others at the margin. Apical system slightly in front of the centre or central ; 
the system is small in relation to the dimensions of the test, and is pentagonal or irre- 
gularly circular in outline. The generative pores are large and stand outside of the 
irregularly-shaped madreporic body, which separates the posterior ocular plates rather 
widely. 

The anterior ocular plate is distinct, and the pore is well in front of the anterior 
edges of the antero-lateral generative plates ; these are large, and the right one is 
largely covered by the madreporic, and the left one much less so. The antero-lateral 
ocular pores are sunken, and their plates are well developed. The postero-lateral gene- 
rative plates are wide apart, and separated by the low, tumid, madreporic body; their 
pores are large. The madreporic body has an irregular margin, in no way overlaps the 
pores, and has its surface covered with close, small, low granules, the intermediate 
surface being minutely pitted. 

The ambulacra are flush with the test, are largely open just above the margin 
where the poriferous zone alters its character, and become narrower towards the peri- 
stome. The poriferous zones of each ambulacrum converge high up in the peristome 
on its ascending process. 

The poriferous zones arc well developed abactinally, increase in breadth rather 
rapidly from the apex, and then diminish more gradually to close above the margin, 
where the pores arc smaller, those of each pair coming nearer together and being more 
obliquely placed. 

The long inner row of pores, circular in outline and well open, forms a nearly straight 
and diverging linear series; and the outer pores, which are elongate transversely and in the 
shape of long ellipses, form a curve in vertical series. The pores are conjugate, but the 
groove is shallow and broad, and usually slightly bent. A low, broad, costal projection 
is between each succeeding groove, and has on it, where the zone is widest, about 7 
distinct granules in a line, with alternate ones smaller than the others. Near the margin 
the pores of each pair are not on the same level, the inner one being the lowest down ; 
and on the margin this obliquity becomes very decided, the outer pore being nearly 
above the inner one, and separated by a narrow and linear bridge. The pairs increase 
in number at the margin and over it, and become fewer near the peristome, where 
they again become less oblique. The pores pass up within the peristome on its vertical 
walls and end close to their free edge. There is no phyllode. Every third pair of pores 
is in the centre of a small accessory plate. The anterior odd ambulacrum has a curved 
course nctinally, and is not placed there in a line with the longitudinal axis of the 
test. 
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The interporiferous zones are narrow in the upper part of the test where the pori- 
ferous zones are at their broadest. There the poriferous zone is only slightly narrower 
than the interporiferous area. The breadth of the interporiferous zone increases 
towards the margin. 

Tin: ornamentation of the interporiferous zones is scanty, small, and distant down 
to near the margin, where it becomes larger and closer ; on the edge of the actinal 
surface it is still larger, and near the peristome larger still and not so close. It consists 
of low tubercles, with small perforate mamelons and crenulate bosses (usually worn off) 
standing in barely sunken or flat scrobiculcs, which are wide and arc encircled by a 
row of distinct granules sharp at the top, and resembling the largest of those seen on 
the costs; between the grooves of the poriferous zone. The circles of granules may or 
may not interfere with each other. The ambulacra are wide apart, equidistant, and 
the extreme breadth is from 14-15 millim. 

The interradia are wide, and the ornamentation, of the same kind as that of the 
interporiferous zones, is scanty abactinally, closer at the margin, and largest and closest 
near the peristome. Actinally there is more space in the interradia near the peristome 
in the 1st and 3rd areas than in the others ; and consequently the 2nd and 3rd, and 4th 
and 5th ambulacra are closer together at the peristome than the 1st and 2nd, and 3rd 
and 4th (l.ovt'n's enumeration). 

The peristome is subcentral, sunken, very large, and its longest diameter, obliquely 
placed, is between the right antero-lateral and left postcro-lateral intcrradial spaces 
(between areas 2 and 4). It is deep, widely open, and has a precipitous inner wall. 
The shape is irregular, a lesser anterior curve being opposed to a larger and posterior 
one ; where the extremities of the curves meet at the ends of the long diameter are 
blunt angles, A close and larger than ordinary tuberculatum covers the sides of the 
peristome; and the length of the long diameter is 18 millim. in large and 14 in 
smaller specimens, and the length of the short diameter is 11 millim. and 6 millim. 
respectively. 

The periproct is large, pear-shaped, situated longitudinally, bluntly angular in 
front, broadest near its posterior end, which is close to the margin. The periproct is 
slightly longer than the long diameter of the peristome. The distance of the anterior 
angle of the periproct from the posterior edge of the peristome is rather more than one 
half of the length of the periproct itself. 

In a perfectly nninjured specimen the test rests on the tumid actinal surface, not 
very distant from the edge of the peristome, the whole of the tumid margins being 
above the resting-plane. 

The plates of the ambulacra near the peristome arc larger than further out, and 
the pairs of pores perforate them ; every third pair perforate a small accessory plate 
placed near the interradium. 

The arrangement of the intcrradial plates at the peristomial edge is as in Echinoneus. 
There is a single broad plate in areas 1, 3, 5, and there are two plates in areas 2 and 4. 

Locality. Kachh. Nummulitic beds in white limestone. Survey-numbers 

D 
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C 050 A f and C 050. From a canon in Nummulitic rock between Maniara-Fort hill 
and Karray. 

Illustrations of the Species in Plate IV. 
Fig. 1 . A large specimen, Bide view : natural size. 

2. The same, abactinal view : natural size. 

3. The same, actinal view : natural size. 

2. Amblyi-ygus pentaoonaus, Duncan & SlatUn. Plate IV, Figs. 4-11. 

The test is pentangular in marginal outline, especially in young forms ; it it 
longer than broad and broader than high, broadest at the distal ends of the antero- 
lateral ambulacra, tumid at the ambitus, curving boldly to the apex, which is rather 
behind the centre, and more precipitously from it to the posterior edge. The profile 
seen from the front is nearly hemispherical. The actinal surface is tumid ; the peri- 
stome is oblique, deeply seated and large ; and the long, nearly elliptical periproct 
is large, and reaches from the margin to three fourths of its length from the 
peristome. 

Length of a test 85 millira., breadth 77 millim., height 58 millim. ; relative length 
to breadth 1 : 0 9, length to height 1 : 0 62. 

A smaller specimen is 78 millim. long, 72 millim. broad, and 45 millim. high ; 
relative length to breadth 1 : 0-92, length to height 1 : 0-57. 

The ambulacra are slightly raised above the level of the interradia, and add to the 
pentangular appearance ; they are widely open at the margin and become narrower 
where the normal poriferous zone merges into the series of double pores. The 
peristome is rather straight at its anterior edge, and rather angular posteriorly, 
the indefinite apex of the triangle being at the entrance of the right posterior 
ambulacrum (No. I.) into the peristome. 

Locality. The same as Amblypygus altus, in the Nummulitic series of Kachh. 
Survey-numbers C 050, C 050 A t, C 050 A. 

Illustrations of the Species in Plate IV. 

Fig. 4. The test, side view. 

6. Abactinal view of the test. 

6. The peristome and part of the periproct. 

7. Ornamentation of the margin : magnified. 

8. Ornamentation, abactinal : magnified. 

9. Part of an ambulacrum, poriferous and interporiferous zones : magnified. 

10. Termination of normal poriferous zone in the double series of pores, and 

part of an interporiferous zone. 

11. Apical system: magnified. 

This species differs from Amblypygus altus in its shape, the projection of the 
ambulacra, and in the more elliptical periproct and triangular peristome. The orna- 
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mentation and details arc nearly the same, however ; and were there not abundance of 
specimens of both kinds we should feel the difficulty of making this angular form 
any thing more than a racial variety ; but it is a distinct species. 

The nature of the ambulacra, their continuous series of double pores, the intercalated 
poriferous plates, the oblique peristome, and the position of the periproct ally Ambly- 
pygua to Echinoneua, which is its modern representative. The genus Amblypygua belongs 
to the subfamily Echinoneiiuc. 

Stifamag ECIIIXOLAMPISJB. 

Genua ECHINOLAMPAS, Gray, 1825. 

The species of this genus from the Nummulitic of Kachh are as peculiar as thoso 
described by de Loriol from Egypt*. Most of them are very tall and large, and look 
like Conoclypei, but they have all the generic characters of Kchinolampaa. The identity 
of any species from Kachh with any one of those so admirably described by de Loriol 
cannot be asserted ; but the alliances are close, and the mimeticisin of the two faunas as 
regards this genus is very remarkable. 

1. Echinolampas alta, Duncan & Sladen. Plate I, Figs. 1-6. 

The test is thick, large, high, helmet-shaped, with steep sides ; it is longer than 
broad, and slightly broader than high. The highest point is central and behind the 
apical system, which is slightly excentric in front, or at ^ of the distance from the 
anterior to the posterior edge. The test slopes rapidly to the front, and is almost 
vertical near the ambitus; the slope is bolder and with a greater curve posteriorly, 
where it includes the produced and subrostrated posterior interradium. The direc- 
tion is very vertical near the margin posteriorly and laterally. Seen from the front, 
the outline is almost hemispherical above aud vertical on either side nearly to the 
margin. 

The actinal surface is oval elliptical in outline, longer than broad, rounded in 
front, less rounded and broadest on a line with the peristome, and narrower and slightly 
pinched-in on either side of the rounded posterior part The margins aro rounded 
off ; they are sharpest on a line which passes tlirough the peristome transversely, and also 
on either side of the periproct. The peristome is slightly sunken, and the wholo actinal 
surface is slightly concave from before backwards, so that the test rests fore and aft, and 
does not touch the surface which corresponds with the transverse line above mentioned. 
There is a sensible swelling of the margin anterior to the lateral ambulacra, and it 
is less, and more dependent in front of the postero-lateral. The test rests upon a 
faintly swollen surface within the margin. 

The interradial areas, more or less vertical and evenly curved above the margin, 
are tumid high up, and the posterior, more swollen than the others near the apical disk, 

• Op. at. p. 88 (32;. See tupra, p. 14. 
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is produced with a decided latitudinal curvature to form a well-developed projection 
nipped-in on either side. The ambulacra, flush with the test near the margin, are 
slightly sunken above in consequence of the tumidity of the interradia. 

The apical system is on the anterior slope of the test, is in a very slight depression, 
is circular in outline, and is flat button-shaped. There are four large generative pores ; 
the front pair are closer than the others, and all are at the edge of the disk, which is 
granular and mainly consists of madreporiform body. The ocular pores are small and 
are covered by the edge of the disk. 

The ambulacra are long, reaching close to the margiu, widely open, unequal ; 
and whilst the odd and antcro-latcral are straight, the postero-lateral have a slight 
curvature. 

The poriferous zones are well developed and arc very slightly sunken below the 
level of the interporiferous areas ; the inner lines of pores are in long, straight, diverging 
lines, so that the interporiferous areas show no tendency to close, and they gradually 
increase in width from the apex to close to the margin. The poriferous zones are 
broadest from a third to about halfway down, and they diminish in breadth gradually 
to a point, and are of unequal length — the right zone of the odd ambulacrum, the 
anterior zone of the antero-latcral, and the posterior zone of the postero-lateral ambu- 
lacra being shorter than their fellows by a very few pores. Moreover the antero-lateral 
poriferous zones slope slightly backwards near the margin. The pores are conjugate, 
the groove being well developed ; and the inner pores are elliptical and the outer elongate 
in outline. There is often a faint curvature of the conjugating grooves. There is a 
well-developed costal ridge between each pair of grooves, and it is ornamented with a 
single row of large granules, which are sometimes separated by much smaller ones or by 
a space. Towards the margin the poriferous zones become narrower and the pores closer 
together, until at last a simple narrow groove only contains one pore. In the postero- 
lateral ambulacra, about halfway up the test, there are nine ambulacra! plates to one 
interradial plate. The ambulacra do not come to a point at the apex, and there is a 
little breadth there. 

The interporiferous zones, narrow at the apex, increase very gradually in breadth 
to their termination near the margin. Slightly above the level of the poriferous zones 
they are nearly flat, and are ornamented with small sunken tubercles which are mam- 
millatc, crcnulate, and perforate, and which are separated by narrow tumid ridges 
minutely but sharply granular. Below the margin of the test the poriferous zone is 
continued over the actinal surface, one row of pores existing for about two thirds of the 
distance to the peristome, and the pores are close, denoting a considerable number of 
ambulacral plates. The rows of pores are in exceedingly faint grooves, which gradually 
approximate until the open and somewhat rudimentary phyllode is reached. The 
interporiferous zones become narrow from the margin to the peristome, are rather 
tumid from side to side, and are decidedly below the level (in the normal position of 
the test) of the pores iu their grooves. Towards the peristome the pores, which are 
small and surrounded by minute cavities, and are elongate (their long axis being on a 
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line with the direction of the ambulacra), become more numerous, two and three rows 
existing. The rows are placed obliquely ; and it appears that in some instances there are 
extra plates. Traces of pits occur near the peristome between the lines of pores ; and 
each ambulacrum ends in two large pores, which are well within the peristomial margin. 

The interporifcrous zones actinally have a slightly larger ornamentation than 
abactinally, but of the same kind ; they narrow near the peristome, and become gutter- 
shaped more or less, owing to the tumidity of the bourrclcts. 

Actinally the interradia are well developed, and they form a considerable part of 
the peristomial margin, where they are slightly tumid, project, and bound the trans- 
versely elongate pentagonal aperture. The bourrelets of the lateral interradials are the 
smallest, the others being larger, broader, and more projecting and subequal. The 
ornamentation of the actinal part of the interradials increases in size from the margin 
to close to the peristome, where it again becomes crowded and covers closely the bour- 
relets and their ascending processes within the peristome. A trace of wearing occurs in 
the median line towards the periproct. 

The peristome is large, pentagonal, transverse, subcentral, is on a higher plane 
than the margins in front and behind, and nearly on a level with the margin posteriorly 
to the anterolateral ambulacra. It is deep, and bounded by a vertical tube-like process 
of the test formed mainly by the interradia. The depth is at least 6 millim. There are 
no auricles or teeth. 

The periproct is large, transversely elliptical, rather larger than the peristome, close 
to the posterior edge of the test within the margin, and occasionally transgresses on it ; 
it looks downwards and a little backwards. The large ornamentation of the actinal 
surface of the posterior interradiutn becomes smaller and closer around the periproct. 

Abactinally the distinct and rather wideapart interradial ornamentation resembles 
in details and point of size that of the ambulacra ; but the tubercles become crowded 
and smaller near the margin, and actinally the crowding persists, the tubercles being 
larger also. 

The length of the test is 89 millim., and the greatest breadth is 70 millim. ; the 
height is 67 millim. ; so that the proportional measurements are— length 1, breadth 
0 786, height 0 75. 

Ijocality. Kachh. From a canon in Nummulitic rock between Maniara-Fort hill and 
Korray, about three miles east of Bair. Survey-number C 050. 

Illustrations of the Species in Plate I. 

Fig. 1. Eehinolampas alta, Duncan & Sladen. Side view : natural size. 

2. Actinal view : natural size. 

3. Apical system : magnified twice. 

4. Peristome: magnified. 

5. The antero-lateral ambulacrum, near the margin : magnified. 

6. Ornamentation of ambulacrum : magnified. 
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2. EcutNotiAMrAS alta, Duncan & Sladen, variety. Plate I, Fig. 7. 

Many specimens of this species are in the collection, and there appears to be but 
slight variation in them in spite of differences of size. The main distinction (which, 
however, is only slight) is that in some forms the test is less oval in actinal outline 
and approaches an ellipse with one end more rounded than the other. This is produced 
by a slight enlargement of the test close in front of the postero-lateral ambulacra 
(Plate 1, fig. 7). Again, the type has tumid interradials abactinally; another form is 
less tumid ; and a third, that represented in Plate I, fig. 7, is barely tumid. We feel 
disposed to admit this last as a variety, and to characterize it by the deficient 
tumidity of the interradials abactinally, the more ellipsoid shape actinally, and the 
comparative shortness of the ambulacra. It is from the same locality as the type. 

Illustration of the Variety in Plate I. 

Fig. 7. Eclimolampas alta, Duncan & Sladen. Variety. 
Actinal surface : natural size. 

A large specimen, which has been crushed somewhat from above downwards, is 
from the same locality. It shows a slightly more prominent condition of the inter- 
poriferous zones than the type. The curve of the postero-lateral ambulacra is greater, 
and the shape of the base is broader. There is no doubt about the single row of 
granules separated by smaller ones or by spaces on the costa; of the poriferous zones, 
and that the ornamentation of the test consists of sunken tubercles with mamelons and 
crenulations, the intermediate areas being largely granular. 

One specimen is remarkable for its height, yet the specific distinction of a greater 
breadth than height prevails. The dimensions are: length 84 millira., breadth 67 
miliim., and height 64 millim. This is the greatest deviation in point of greater height 
from the type. Relative length to height 1 to 0*76. Survey-number C 050 B f. 

Another, and larger, specimen has the following dimensions:— length 90 millim., 
breadth 70 millim., and height 64 millim. ; length to height 0*71. Survey-number 
C 050. 

This remarkable Echinolampad is common, and at once strikes the eye on account 
of its height, tumid interradia near the apex, the slant behind, the vertical sides, and 
the long gradually enlarging ambulacra. 

It resembles a Conoclypeus in shape and ornamentation. There is no species like 
it in the Tertiaries of Sind ; but de Loriol's monographs of the Nummulitic deposits 
of Egypt contain admirable descriptions and figures of very closely allied forms. 

EchinolamjKis Fraasi; P. de Loriol *, is closely allied ; and it is to the group of 
which that fine African species is a type that the form from Kachh belongs — tall 
Echinolampads, with long, not very unequal, and not petaloid distally ambulacra. 

• " Monographic de* JJchiiu'dos uutnmulitiquea de rEgypto," 1 Mt'tn. Soc. de phys. et d'hitt. n»t. de 
Oencve, t. 27, i. p. 92, pi. t. Cg. 1. " B x'jiue Echtnoideen aus Aegrpten und der Libyschen Wiiste," I'&looa- 
tographiea, N, P. x. 1. (m.). p. 22, pi. vi. figs. I, 1 «, 1 b. 
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The dimensions of the Kachh species and Echinolampas Fraasi are as follows :— 
Kachh. E. Fraasi. 



Length .... 89 84 
Length to breadth is 1 : 0 78 0 8 

Length to height . 1 : 0 75 0 76 



86 92 
084 084 
0-68 0 67 : 0-68 



The height of the species from Kachh is in excess, and it is narrower than Echino- 
lampas Fraasi. 

The interporiferous zone is broader in the African form, in which, moreover, there 
is a tendency to closing of the ambulacra. The anterior part of the test slopes 
differently in the two species, and the basal level differs. The alliance is very close, and 
the species are representative. 

3. Echinolampas Feddeki, Duncan dt Sladen. Plate I, Figs. 8-11 ; Plate III, Fig. 2. 

The test is tall, subhelmet-shaped, longer than broad and broader than high ; 
roundly oval actinally, and rounded at the margins, so that it stands on a smaller area 
than the ambitus. 

The abactinal surface curves gradually to the apex, which is slightly excentric in 
front and a little anterior to the highest point of the test. The slope in front is sharp 
and precipitous, and that behind is more gradual, and the anterior profile is hemi- 
spherical, with a flatness about the flanks. 

The actinal surface is rounded in front, and more broadly so behind ; is well curved 
at the sides also. It is tumid anteriorly to the subcentral peristome, faintly projecting 
and subkeeled between the peristome and the submarginal transverse periproct, and 
concave on a line with the sides of the peristome. The margins are well rounded 
and form no sharp angles, and the most dependent portions of the test on which it rests 
are in front of the peristome and between it and the periproct. 

The apical system is small, and there are four large generative pores and a depres- 
sion over the position of the fifth. The front pair are closer together than the posterior ; 
and the madreporiform body is central and large. The ocular plates and pores are very 



The ambulacra are subequal in length and breadth ; the interporiferous zones are 
slightly above the level of the test, except near the apex, where some tumidity of the 
interradials occurs ; and the poriferous zones, unequal in length in the same ambulacrum, 
are either very slightly sunken or oblique. The ambulacra reach near to the margin, 
but are separated from the lowest point of it by a sensible space ; they are widely open, 
and show only the faintest approach to closure. The poriferous zones at their broadest 
part are much narrower than the interporiferous areas there, and these last have a 
faint longitudinal groove. The anterior odd ambulacrum is straight, increases in width 
to midway to the margin, and then remains of the same dimensions until lower down, 



Digitized by Google 



24 



THE TERTIARY FOSSIL ECHINOIDEA 



where there is a very slight narrowing of the interporiferous zone and a decided dimi- 
nution in breadth of the poriferous zones. The poriferous zones are narrow ; about 2^ 
their breadth would equal that of the interporiferous at the widest part ; the inner pores 
are circular and large ; and the outer, elongate elliptical, are equal to or even slightly 
larger than the others ; a broad and deep groove connects them ; and the costa? between 
the pores are stout, rounded above, where there is a row of distinct granules. The 
direction of the costa? and grooves iB rather oblique. The breadth of the zone diminishes 
marginally, but there is only a slight difference in the respective zone-lengths. The 
ornamentation of the interporiferous zone is of numerous sunken tubercles in scrobicules 
rather more than their own width apart. The tubercles are slightly mammillated and 
crenulate, and the interscrobicular areas are rather tumid and sharply and distinctly 
granular. 

The antero-latcral ambulacra form a very wide angle, have the posterior poriferous 
zones more bowed than the anterior, and there are a few more pairs of pores in the 
anterior than in the posterior zone. 

The postero-lateral ambulacra are sinuous, and the anterior poriferous zone is 
slightly the longest. The poriferous zoues are continued in all the ambulacra over the 
margin to close to the peristome as a single series of pores. 

The interradial areas abactinally are very faintly tumid near the apex, have a 
distinct median sutura 1 line, and there is a slight flattening of the posterior interradium, 
with two indistinct keels running down to the margin to end on cither side of the 
periproct. 

The ornamentation is equal from just above the margin to the apex, and consists of 
the same structural details as seen in the interporiferous ambulacra! areas. The granula- 
tion, however, is distinct and large, but scanty. Near the margin the scrobicules become 
much closer, and thence to the peristome the ornamentation is less crowded, but more so 
than above. Near the periproct it is crowded, and especially at the posterior margin, 
where it is smaller than elsewhere. Between the periproct and the peristome is a worn 
surface. 

The peristome is subcentral, and not quite beneath the apical system in some and 
beneath it in others. It is large, widely open, elongate transversely, pentagonal, and 
the bourrclet of the posterior interradium is low and the broadest; those of the 
anterior interradial areas are slightly tumid and project, and are larger than those of the 
lateral areas. A minute tuberculation covers the ingoing process from the peristome ; 
and the rudimentary phyllodes are in very shallow grooves. There is a well-developed 
row of outer pores in each phyllode and a few inner ones, but they are between 
the plates on the sutural lines. The usual pair of pores is at the commencement of 
each phyllode within the peristome ; and there are numerous pits in the position of 
sphsridia. 

The periproct is larger than the peristome, is elongate transversely, and irregularly 
elliptical, the posterior curve being less than the anterior. It is inframarginal, and not 
visible from behind. 
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The height of the type is 44 millim., the breadth 58 millim., and the length 62 
millim. ; and these dimensions give the relation of length to breadth 1 : 0*95, height 
1 : 0-709. 

It follows that the relative dimensions of this form are not very diverse from those 
of the species just described (Echinolampas alto). 

But the present species is not a young form of the last ; and the narrow poriferous 
zones, the sinuous postero-lateral ambulacra, the tumid free peristomial region, the 
faint posterior koel, and the general roundness of actinal contour cause it to differ 
specifically from E. alta. 

Locality. Kachh. Nummulitic series ; from the same geological horizon as Eehino- 
lampaa alta. Survey-number C 050. 

Illustrations of the Species in Plate I. 

Fig. 8. The test, side view : natural size. 
9. Abactinal view : natural size. 

10. Part of an ambulacrum : magnified. 

11. A postero-lateral ambulacrum : magnified. 

Illustration of the Species in Plate III. 
Fig. 2. Actinal view : natural size. 

There are several specimens of this form in the collection, and they present con- 
siderable variation. In one form with the Survey-mark C 050 f (B) the greatest 
breadth is behind the peristome, the apical system is more central, and there is a more 
evident tendency on the part of the ambulacra to close. In another, which is slightly 
taller than the type, the more central apical system is seen, and the top of the test is 
less rounded. 

This species is also a representative of the tall African Nummulitic Echinolampads ; 
and the resemblance of the actinal area to that of Echinolampas Fraasi, de Loriol, is 
remarkable. The specific distinctions are in the relative heights and the shape of the 
posterior ambulacra, and the difference in the anterior slope of the test, together with the 
remarkably uneven base of the Kachh species. 

4. Echinolampas Kacuekbis, Duncan & Sladen. Plate II, Figs. 1-4. 

The test is tumid above, broadly elliptical in marginal outline, longer than broad 
and broader than high. Length of specimen 53 millim., relative length to breadth 
1 : 0-9, and length to height 1 : 0 6. It is almost hemispherical in its profile seen 
from the front. The highest point is at the apical system, very slightly excentric in 
front, and the posterior slope is bolder than the greatly curved anterior. The margins 
are rounded off but not tumid, and the posterior part is flat and in relation to the infra- 
marginal periproct. The position of the peristome is very slightly in the rear of a 
vertical line leading upwards to the apical system. The apical system has four 
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generative pores and a central madreporic body. The ambulacra are flush with the 
test, rather unequal in breadth, the posterior being the broadest and longest. The 
poriferous zones are narrow, and the interporiferous are broad, one being 2£ times the 
width of a poriferous zone. 

The ambulacra are open, and the anterior shows no tendency to close, but all have 
the distal ends of the perfect poriferous zones diminished in breadth. This is very 
decided in the postero-lateral, and less so in the odd ambulacrum. The outer pores, 
elongate elliptical, arc larger than the inner and nearly circular pores, the grooves 
between them are broad, and the costse are stout and placed rather obliquely. Coming 
nearly to point*, the poriferous zones of the odd ambulacrum arc slightly unequal. The 
posterior poriferous zone of the anterolateral ambulacra has five or six pairs of pores 
more than the anterior zone, which is less curved than the other, and yet both tend 
(although the space between them is narrowed) to turn slightly away from one another. 
The postero-lateral ambulacra are sinuous, and the poriferous zones come rather close 
together at the end, the anterior being the longest. All the perfect zones 6top well 
short of the margin of the test, and a single series of pores passes over to the actinal 
surface. The interradial areas are large from the great angle formed by the antero- 
lateral ambulacra; they are not tumid, and the posterior one is decidedly flattened near 
the margin. 

The interporiferous areas and the poriferous zones are very nearly flush with 



The ornamentation of the interporiferous areas and of the intcrradials above the 
ambitus is identical, and consists of equal-sized tubercles in sunken scrobicules, which 
arc separated by granular spaces. 

The actinal surface is tumid between the front and the peristome, and is less so 
between this and the periproct. The test touches at these tumid points and not on a line 
which passes transversely through the peristome, which is very slightly sunken. The 
peristome is pentangular, longest transversely, and has small low bourrelets and rudi- 
mentary phyllodes, consisting of a number of outer pores and a few inner ones. 

The periproct is close to the sharp edge, is inframarginal, larger than the peri- 
stome; is elliptical, with narrow ends, and is elongate transversely. Actinally the 
ornamentation is slightly larger and more crowded. 

Length of the specimen 53 millim., height 32 millim., breadth 48 millim. 

Locality. Kachh. Near Wagka-padar, upper part of Nummulitic beds. Survey- 
number C 057 f. 



the test. 



Illustrations of the Species in Plate II. 



Fig. 1. Echinolampas Kachensis, side view : natural size. 

2. Abactinal view : natural size. 

3. Actinal view : natural size. 

4. Part of an ambulacrum : magnified. 
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5. Echixolampas Haimei, Duncan fy- SUiden. Plate II, Figs. 6, 7, 8. 

The test is depressed, longer than broad and broader than high, rather conical 
above, with the sides sloping without much curvature to the tumid margin, which has 
an oval elliptical actinal outline, the greatest breadth and boldest curve being posterior 
to the peristome. Relative length to breadth 1 : 0*87 to height 1 : 0 42. The apical 
system is slightly anterior, and is at the highest point of the conical part of the test, 
and the posterior slope is bolder than the anterior. The generative pores are large 
and oblique. 

The ambulacra are flush with the test, are unequal, do not reach the margin, are 
petaloid more or less, but the anterior shows but little tendency to close as the others 
do. The postero-lateral are the longest and the broadest, whilst the odd ambulacrum 
and the antero-lateral are about the same length, the latter being the broader. The 
interporiferous zones are broad, more than twice as broad as a poriferous area. The 
anterior poriferous zone of the anterolateral ambulacrum is shorter than the posterior, 
towards which its end curves. The zones of the other ambulacra are equal in length. 

The outer row of pores is larger than the inner. The actinal surface is slightly 
tumid ; and the peristome, which is small, slightly excentric in front, is rather sunken. 
It is pentagonal, and the bourrelets are feebly developed and are very flat ; the anterior 
nearly equal the posterior one, and the postero-laterul are the narrowest The sides of 
the peristome arc very precipitous, and are ornamented with small close tubercles. The 
phyllodes are moderately developed ; there are two pores within the peristome on 
each, and beyond them iB some doubling of pores ; those of the normal single row are 
placed at the junction of sutures near the peristome, but further out they appear to 
penetrate the ambulacral plates ; but this is produced by wearing and the obliquity of 
the canal. There is one plate to each interradium at the peristome. 

Length of test 54 millim. when perfect, breadth 47 millim., height 23 millim. 

Locality. Kachh. Nummulitic series, and west of Junagia, north of Iera. Survey- 
number C 060 A f. 

Illustrations of the Species in Hate II. 

Fig. 0. The abactinal part of the test: natural size. 

7. The actinal surface: natural size. 

8. A part of a phyllodc : magnified. 

6. Kchinolampas Dambsi, Duncan <£* Sladen. Plate II, Figs. 9, 10 ; and Plate 111, 

Fig. 1. 

The test is rather depressed, slightly longer than broad, and the height is less 
than half the length ; it is subhemispherical above and broadest behind. The relative 
dimensions are — length to breadth 1 : 0"92, and length to height 1 : 0 42. 

In marginal outline the test is subcircular, and is broadest just behind the median 
lines of the postero-lateral interradia, where there is a slight projection at the margin. 
The front of the marginal outline is rounded, and behind the point of greatest breadth 
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it is more broadly rounded but posteriorly it becomes slightly flattened at the spot 
corresponding with the periproct. The highest point of the test is central, and there 
is a sharper Blope forwards than backwards. The margin is boldly curved and tumid 
in front, and the tumidity diminishes behind the antero-lateral ambulacra, where the 
test is rather sharply rounded ; and this condition persists to the neighbourhood of the 
periproct. 

The apex is rather excentric in front, being 9 millim. in front of the centre, the 
extreme length of the test being 77 millim. ; and the result is to give a comparatively 
narrow anterior part and a long and broad posterior portion. The sunken peristome is 
excentric in front and under the apical system, and is surrounded by the tumid actinal 
surface ; and the test rests on a surface between the peristome and the ambitus. There 
is slight flattening between the peristome and the periproct. 

The apical system is small, the disk is round, and the ocular pores hidden. 

The ambulacra, unequal in length, are on the whole narrow, and nearly flush with the 
test ; the antero-lateral ambulacra curve slightly, concavity in front, are very wide apart, 
and tend decidedly to close ; but the anterior poriferous zone is shorter than the other, 
and curves slightly backwards at its termination. The posterior zone is curved with 
the concavity forwards, and near the margin it ends with a slight curve in the opposite 
direction. The zones are narrow and about one half of the breadth of the inter- 
poriferous areas where best developed. The inner scries of pores are circular in outline, 
and the outer are larger and elongate-elliptical ; they are conjugate, the groove being 
slightly oblique, and the cost®, which are well developed, have a row of granules. 

The postero-lateral ambulacra form an angle of about 70 c , are straight, slightly 
broader in the interporiferous zone than the anterior, reach far towards the margin, but 
not more so than the antero-lateral, are widely open, and there is one pair of pores in 
excess in the anterior zone. The poriferous zones are slightly narrower than those of 
the antero-lateral ambulacra, and the conjugating grooves are more oblique. 

The postero-lateral interradia are slightly gibbose at the margin, and the posterior 
interradium is flattened behind the periproct. 

The peristome is large, broad, pentagonal, with the nearly flat bourrelets subequal 
in the antero-lateral and posterior interradia, and narrowest in the postero-lateral regions. 
The pores are sunken in round pits, and the reduplication is scanty. The walls of the 
peristome pass up and form a pentagonal tubular process with the angles rounded. 

The periproct, broader than long, has a slightly curved posterior and a more boldly 
curved anterior margin, and the junction of the margins is by acute lateral angles. 
A mere ridge separates it from the posterior surface of the test. 

The ornamentation is generally close, and is larger actinally thau abactinally ; that 
of the interporiferous zones is similar to that of the interradia. It consists abactinally 
of small depressed tubercles with small pointed mamelons, both crenulate and perforate, 
standing in shallow circular scrobicules which are separated by a slightly raised surface 
crowded with distinct and sharp granules. Just under the ambitus the crowded orna- 
mentation is the smallest, and the lurgest kind is found on the bourrelets and on the 
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posterior interradium near the peristome. Near the periproct the ornamentation is 
small, and especially posteriorly to it on the ridge. 

Length of the test 77 millim., breadth 71 millim., height 33 millim. Apical disk 
9 millim. in front of centre. Breadth of peristome 11 millim., and breadth of periproct 
13 millim. 

Locality. Kachh. Nummulitic series. One mile east of Goir, near Narainsir ; from 
bed with Pecten and Nummulites. Survey-number C 043 8 f. 

Illustrations of the Species in Plate II. 

Fig. 9. The test, abactinal surface : natural size. 
10. The ornamentation : magnified. 

Plate III. 

Fig. 1. The actinal surface: natural size. 

The dimensions of this form in height, breadth, and length somewhat resemble 
those of Echinolampas discoideus, d'A rchiac and Haim e, from the Nummulitic of Sind. 
The differences in structure are the more tumid posterior part of E. discoideus and its 
want of any marginal tuberosity ; and the tumid nature of the actinal surface around 
the peristome of the new form constitutes a decided distinction. It has also a larger 
periproct, that of E. discoideus being small. 

The new form has not the lateral symmetry or the small peristome of Echinolampas 
discus, which is altogther more circular in outline. It is distinct from, but represen- 
tative of, Echinolampas Osiris, Desor, sp., from Egypt. 

7. Echinolampas issiOMS, Duncan $■ Sladen. Plate III, Figs. 3-ti. 

The test is large, almost circular in actinal outline, conical above, flat in anterior 
slope, nearly as broad as long, and about one half as high as broad. The relative 
proportions are— length as to breadth 1 : 0*966, and length as to height 1 : 0 488. 

The apical system is at the highest point of the test, and is about 3 millim. in 
front of the centre. The test slopes with a gentle curve on either side of the apex to 
the tumid margin, and has a decided flattish slope in front, which contrasts with the 
gentle posterior curve of the test. The margins are tumid or rounded, and most so 
in front and behind the periproct, where there is some flatness. The test reposes on the 
rather convex actinal surface within the limits of the margin. The peristome, 11 or 
12 millim.. broad, is sunken, large, much broader than long, and has the posterior 
bounelet the broadest, and the postero-latcral very small ; the anterolateral are the 
most tumid, but all are slightly developed. The periproct is large, elliptical, with a 
greater anterior than posterior curvature; it is broader than the peristome, and is 
close to the posterior part of the test and inframarginal. The test is less convex 
between the periproct and peristome than elsewhere actinally. 

The apical system is large, circular in outline, a little tumid centrally, but sunken 
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round the edge ; and the greater part is occupied by the madreporic body, which is 
covered with nodular granules. There are four generative pores, which are large, and 
the anterior pair are closer than the posterior. The ocular plates are very small. 

The ambulacra are unequal, moderately broad, the posterior being the longest 
and the others subequal ; the odd ambulacrum is slightly narrower and shorter than the 
others, and all pass far towards the margin, but none of the petaloid parts reach it. 
The odd ambulacrum is widely open at its marginal end, but still the poriferous 
zones converge there slightly ; the antero-lateral tend to close, but do not, and this 
is observed in a less degree in the postero-lateral ambulacra. The interporiferous 
zones arc broad, slightly convex, and raised above the level of the rather sunken pori- 
ferous zones. The posterior ambulacra have the broadest interporiferous zone, and all 
are ornamented with a close small tuberculaliou in small sunken scrobicules, the 
intervening part being finely, sparely, and distinctly granular. The tubercles are 
barely above the test, aud have small mamclons. 

The poriferous zones are broad, the pairs arc obliquely placed, and the pores are 
large and conjugate. The pairs arc separated by well-developed granular costte. The 
pores of the outer row are elongate-comma shaped, and the inner pores are nearly circular. 

The poriferous zones of the anterior odd ambulacrum, slightly petaloid in their 
contour near the apex, diverge gradually to their ends ; the inner lines of pores are 
nearly in straight series, and the outer form curves on account of the breadth of the 
poriferous zones increasing gradually to one half of their length and then diminishing 
to a point. 

The antero-lateral ambulacra form a widely open angle of 170"; arc at first narrow 
and petaloid, then are enlarged in breadth, and they become gradually narrower to their 
end above the margin. Tbe anterior poriferous zone is the shortest, and is nearly straight 
in its direction from the apex to some distance from the margin ; and the posterior 
zone is decidedly curved, with the convexity posterior. Towards the end of the 
posterior zone the pairs of pores diminish in breadth and turn slightly backwards. 

The interporiferous zone of the posterior ambulacra is wider than that of the other 
ambulacra ; and the poriferous zoues are slightly unequal, the anterior being the 
longest. The anterior zone is more curved than the posterior, which is nearly straight 
in comparison, and there is a tendency to close. 

The interradia are large, the anterior are singularly flat abactinally, and the 
posterior one has no unusual convexity. The ambulacra are continued over tbe margin 
in single scries ; and there is a phyllode in a narrowing groove corresponding with 
each one. 

The pores are doubled near the peristome ; they are in depressions which resemble 
scrobicules without tubercles. 

The ornamentation of the abactinal part of the test generally resembles that of the 
interporiferous zones ; it becomes closer and smaller at the margins, and increases in 
size and is wider apart and largest near the peristome. It is especially large on the 
bourrelets, a little way off the peristome. 
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Length of specimens 90 and 83 millim. Relation of length to breadth 1 : 0 «)6('» 
and 1 : 0 987 ; and of length to height 1 : 0 488 and 1 : 0 47. 

Locality. Kachh. One mile east of Goir, near Narainsir. Nummulitic series. 
Survey-number C 043 B. 

The specimen measuring 83 millim. in length (Survey-number C 043 f B) is of 
course smaller than the type, and its peristome is more elongate transversely and less 
pen tagonal. 

Illustrations of the Species in Plate III. 
Fig. 3. Abactinal view : natural size. 

4. The test, side view : natural size. 

5. Actinal view : natural size. 

0. Part of an ambulacrum : magnified. 

8 . Echinolampas, ap. 

Two much injured specimens of an Echinolampas, with a circular marginal contour, 
are amongst the collection from Kachh, and they do not belong to the species just 
described. They are indeterminable, but they approach the discus type more than the 
perfect form. They differ from it in the breadth and flatness of their interporiferous 
zones and smallncss of their poriferous zones, which are unequal except in the odd 
ambulacrum. 

■ 

Locality. Kachh. Nummulitic series. One mile east of Goir, near Narainsir. 
Survey-numbers C 043 B and C 043 f B. 

There are two species of Echinolampas described by d'Archiac and Haime, and 
figured in their plate xiv. Figures '2 a, 2 b, 4 a, and 4 b refer to Echinolampas Sindfnsis 
and E. Yicaryi respectively. The types of the species in the Museum of the Geological 
Society of London are so defective that no palaeontologist would now consider it 
advisable to found species on them. They are elongate and depressed forms ; and as 
there are specimens of corresponding shape in the Sind and Kachh Tertiaries, more or 
less well preserved, it is of importance to decide upon their greater or less similarity to 
the types described by the authors of ' Les Animaux Fossilcs dc l'lnde.' 

Echinolampas Sindensis, d'Archiac and Haime*, was founded on one specimen. 
Its specific description is as follows: — The test is ovular, very elongate and flat, 
with a rounded contour, the tuberosities on the latero-posterior margin being insufficient 
to alter the oval curvature. The apical summit, slightly projecting, iB situated at nearly 
the anterior third of the long diameter. The ambulacra! petals very broad, flat, toler- 
ably long, straight, and hardly contracted distally. The odd ambulacrum is a little 
narrower than the others. The poriferous zones are rather broad, nearly equal in the 
same ambulacrum, and those of the odd one are the narrowest. 

Ambulacral areas unequal ; the lateral are the broader, the posterior being a little 
broader than th* anterior. 

• Op. cit. p. 210, pkte xiv, figs. 2 a, 2 6. 
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Actinal surface subplane and barely depressed centrally. The peristome is central, 
and the periproct inframarginal and close to the edge. The tubercles are small, close, 
equal. 

Length 75 millim., breadth GO millim., and height 25 millim. The relative 
dimensions are — length to breadth as 1 : 0 8, and length to height as 1 : 0-38. 

Remarks. The test is broader posteriorly to the centre than elsewhere, and it 
is rather flat behind and above the periproct. According to figure 2 b the posterior 
margin is as tumid as the anterior, and certainly the apex is behind the anterior 
one third. 

The petals are not very broad ; the anterolateral are nearly hidden, and the ter- 
minations are not visible. The posterior are long, straight, and there is very little 
difference between the lengths of their poriferous zones. The specimen and the descrip- 
tion do not agree. 

The type of the other species, Echimlampas Vicaryi, is defective in the posterior 
part of the test, and was founded on one specimen only. The following is the specific 
diagnosis (page 213, plate xiv, figs. 4 a, 4 b) : — The test is elliptical and slightly 
elongate, with a contour slightly angular posteriorly and but slightly high. Apex but 
slightly projecting, and situated at two fifths of the long diameter from the front. The 
ambulacral petals are large, rather broad, straight, plane, narrowed near their ends, but 
slightly unequal. The poriferous zones are moderately broad, rather curved, and in 
the posterior ambulacra the outer zone is the largest, whilst in the anterolateral the 
posterior is the larger. 

The lateral interradia are the largest inferiorly. Tbe actinal surface is depressed 
towards the centre and raised behind. The peristome is placed anteriorly to the centre ; 
and the buccal petals are very distinct, and rather contracted distally. The tubercles 
are very small, close, and those near the mouth arc the largest. 

Length t, but it is stated 58 millim., breadth 50 millim., and height 25 millim. 

There are three indifferent specimens of oval and elliptical depressed Echino- 
lampads in the collection from Kachh. Two probably belong to the same species, which 
cannot be either of those described by MM. d'Archiac and Haime. The third is to 
all appearance Echinolampas Vicaryi. Of the first two, one is so marked in its 
anterior and antero-lateral petals that we have figured it without giving it a specific 
designation. 

9. EtHixoLAMPAS, sp. Plate III, Fig. 7. 

A flat, elongate elliptical Urchin, with apical system in front of the centre, and a 
large transversely elliptical periproct close to the posterior margin. The anterior 
ambulacrum is long, showing the faintest tendency to close not far from the margin ; 
it is broad, with sunken broad poriferous and raised interporiferous zones. Poriferous 
zones with numerous pairs of pores, the inner pore being circular or oval, and the outer 
long and smaller ; the costie are distinct and rather small, and the right zone is longer 
than the other. The terminal pairs of both zones are slightly turned in, and the others 
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are oblique to the long axis of the test. Ornamentation of the interporiferous area 
small and rather crowded, smaller and closer than that of the intcrradium. The 
breadth of this zone is slightly more than twice that of a poriferous one. 

Antero-lateral ambulacra large, long, petaloid near the apex, open distally 
and yet slightly tending to closure. The poriferous zones are sunken, broader than 
those of the anterior ambulacrum, and have well-developed costse, each with a row of 
granules on it. The anterior zone is short, curved, and its remote end approaches the 
posterior, which is long and with a double curve, the outer end turning slightly back- 
wards beyond the line of the termination of the anterior zone, which is the shortest 
by about twelve pairs of pores. The interporiferous area is smaller and higher than 
the poriferous zone, and it is covered with a close ornamentation. 

The ornamentation of the test is altogether larger and coarser actinally; the 
actinal surface is tumid, but depressed centrally. The mouth is in front of the centre. 

Length 83 millim., breadth 69 millim., height 28 million. Relational dimen- 
sions—length to breadth 1 : 0 83, to height 1 : 0 33. 

Locality. Kachh. Nummulitic group, west of Junagia, north of Iera. Survey- 
number C 060 A f. 

It will be observed that the dimensions coincide closely with those of E. Sindensis, 
but the shape of the ambulacra affords a specific distinction. 

Illustration of the Species in Plate III. 
Fig. 7. The test from above. 
The second specimen has a higher test, and it shows part of the peristome, which 
has well-developed projecting bourrclets. It came from the same locality. 

10. EciiiNOLAMt \ Vicaryi, d'Archiac <t JIaime. 

A specimen, already alluded to, of this species is in the collection from Kachh, and 
it shows the large well-developed peristome characteristic of the type preserved in the 
Museum of the Geological Society. The posterior part is preserved, and shows the 
elliptical periproct submarginal and close to the edge. The posterior ambulacra tend 
to close near the margin, in consequence of the bold curve of the anterior poriferous 
zone, which reaches far towards the margin, passing not very far in front of the shorter 
and straight posterior zone. 

We have not figured this form, as doubtless better specimens will come to hand. 

locality. Kachh. Nummulitic group, west of Jiinagia, north of Iera. Survey 
number C 060 A f. 

Family SPA TA XGIUAS. 

Sui/amHy SPATAXOIS& 

Genus HEMIASTER, Desor, 1847. 
There are two badly preserved specimens of a genus of Spatangoids in the 
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Nummulitic series of Kachh, which at first sight might be associated with iAnthia ; but 
it is perfectly evident in one specimen, which is admirably preserved in the region 
around the ambulacra, that there is only a peripctalous fasciole present, the lateral 
and posterior ambulacra are in deep grooves, and the apical system is central. The 
form must therefore come into the Jlemiastera. 

1. Hemiaster decipiexs, Duncan d- Sladen. Plate VI, Figs. 3-5. 

The test is slightly longer than broad and broader than high ; the apical system 
is small and central, details lost. The anterior margin is very slightly notched by the 
shallow groove for the odd ambulacrum, which deepens towards the apex. The broad 
and slightly concave floor of the ambulacrum is ornamented with miliaries, which 
enlarge near the pairs of pores ; these, some 15 in number, are placed at the rise of the 
side of the groove, and are separated by low costaj. The pairs of pores have a tubercle 
between them ; there is some distance between the end of the regular series of pairs 
and the fasciole, and but one pair is found in it. 

The anterolateral ambulacra are long, nearly straight, only bending slightly with 
the convexity forwards and inwards, and are in deep and rather narrow grooves, which 
become shallow distally. The greatest breadth is at two thirds of the distance from 
the apex, and the poriferous zones nearly close, being cut across by the fasciole. 

The interporiferous area is nearly, if not quite, as broad as the poriferous zone in 
the centre of the petal, and is narrower than it further out. 

The poriferous zones are on the slope of the sides of the groove, arc very slightly 
sinuous, and the anterior is slightly more curved than the posterior. The pores are 
large, oval, subequal, and are conjugate, and each jmir is separated from its neighbours 
by costos with a line of distinct miliaries on them. The pores suddenly become small 
towards the apical system, and there are thirty-two pairs. Length of ambulacrum 215 
millim., breadth of groove 6 millim. The ambulacra form an angle of about 110°. 

The postero-lateral ambulacra, shorter and narrower than the anterior pair, are 
closer together, nearly straight, and are in deep grooves. The interporiferous area is 
rather narrower than the poriferous zone, and its details resemble those of the corre- 
sponding areas of the antero-lateral petals. There are 29 pairs of pores ; and the length 
of the petals is 17 millim. and the extreme breadth is 4 millim. The distal end is 
more pointed than that of the antcro-lateral ambulacra. 

The keels of the interambulacra at the apex are not pronounced, and those of the 
lateral interambulacra are rather wide. The fasciole is widely spread, and is wide and 
well developed ■ it is large at the extremity of the lateral petals, enters but slightly 
within the lateral iuterambulacrum, and passes directly over the posterior interainbula- 
crura in a straight line. In front a large space is included by the fasciole, for it crosses 
the anterior ambulacrum not far above the ambitus on a curve, convexity forwards, 
and it starts off on either side to the end of the long antero-lateral petal. 



The ornamentation within the fasciole is very close and small, and consists of low 
tubercles, perforate and crenulate, surrounded by a circle of miliaries; it is very 
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uniform except on the slope of the groove for the anterior odd ambulacrum, where it 
is larger and scantier. In the anterior interradia this ornamentation becomes 
suddenly scanty and large, and increases in these characters beyond the fasciole to the 
margin. Over the margin the tubercles become larger and scantier. On the other 
hand, the ornamentation of the lateral and posterior ambulacra abactinally is the same 
as that within the fasciole and thence to the margin. 

Length of the specimen (fractured) 53 millim., breadth 51 millim. 

Locality. Nummulitic series of Kachh. Between Maniara-Fort hill and Karray. 
Survey-number C 050. 

Illustrations of the Species in Plate VI. 

Fig. 3. Abactinal view : natural size. 

4. Distal end of antero-lateral petal and fasciole: magnified. 

5. Part of the anterior odd ambulacrum : magnified. 

2. Hkmiasteb, sp. Plate VI, Figs. 1, 2. 

The second specimen from the same locality had the apical system excentric in 
front, a broad anterior ambulacrum, barely notching the ambitus, and long, slightly 
curved, deeply grooved antero-lateral ambulacra. These form a wider angle than in the 
species just noticed ; but the details arc much the same, except that in this larger form 
there are fewer pairs of pores. The ornamentation resembles that of the other species. 

The fasciole is distinct, and there is no trace of a lateral or subanal one, 
although the position whence the first should start is preserved. 

Locality. The same as Ilemiaster decipiens. 

Illustrations of the Species in Plate VI. 
Fig. 1. Abactinal view: natural size. 

2. Ornamentation, actinal : magnified. 

3. Uemiastbr carisatvs, Duncan & Sladen. Plate XI, Figs. 1-4. 

The test is long, high, and rather narrow, slightly convex actinally, tumid at the 
margin except posteriorly. It is boldly tumid in front, tall and truncated behind, with 
a slightly re-entering curve there. The highest point is on a tall convex keel in the 
posterior interradium, rather nearer tho posterior termination than to the apical system. 
The apical system is very slightly posterior. The peristome is excentric in front The 
periproct is ovoid and high up on the posterior truncation close below the termination 
of the keel of the posterior interradium. 

The apical system is very small, immediately behind the very tall and narrow 
keels of the anterior interradia, in front of the ascending keel of the posterior inter- 
radium, and at the junction of the broad low keels of the lateral ambulacra. 

There are two large generative pores, which are separated by a rather long madre- 
poric body, which extends posteriorly so as to separate the posterior ocular plates. 

v2 
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The anterior ambulacrum ia broad, lanceolate, with a nearly flat floor, and has 
between the apical system and the position of the traversing fasciole a tall sharp keel 
on either side. These keels slope up suddenly from the apex, and then curve forwards 
at the top, diverging slightly. The groove becomes narrower to the front, and is very 
slight on the margin, and is still less near the peristome. 

The floor of the ambulacrum is granular, and the poriferous zones are on the rise 
of the slope of the keels. The pairs of pores are separated by faint cost® and are 
close together near the apical system, Ave pairs being very small in front of the very 
minute ocular pore. Further out the pores increase in size, and the pairs become 
more distant : twelve or thirteen large pairs are visible within the fasciole ; further 
out they are invisible. The pores of each pair are separated by a tubercle. 

The antero-lateral ambulacra are slightly sinuous, are deep, short, broad, nearly 
rounded and slightly curved backwards distally, and shallow, narrow, and curved forwards 
near the apical system. Their grooves are bounded by the slope of the keels of the 
anterior interradia, nnd by the less pronounced tumidity and keeling of the postero-lateral 
interambulacra. The interporiferous areas arc well developed, but are narrower than 
a poriferous zone. The anterior poriferous zone is the longest, and curves outwards 
and backwards, overlapping the end of the posterior poriferous zone. The large pores 
of both zones are on the slope of the ambulacral groove, except near the apex, whero 
they arc flat and close together and very small. The pores are large in the body of the 
ambulacrum, broadly comma-shaped, and those of the outer row are equal in size to 
the others ; they are conjugate and separated by broad costue ornamented with a linear 
eminence ending in minute granulation. There are 22 pairs of pores in the anterior 
zone, about seven being small and close near the apex. Ocular plates and foramina 
•mall. The ambulacra form an angle of about 76°. 

The postero-lateral ambulacra are small, short, narrow, close, not one half the 
length of the others, and are placed in pear-shaped grooves which are shallow near the 
apex and deep distally. There are some pairs of small pores near the ocular plate, 
and the other pores are larger, and there are about 16 pairs in all. 

The anterior interradia are sharply keeled between the ambulacra, and more in 
front they are tumid and marked with slightly gibbose plates. The lateral interradia 
are broadly and lowly keeled near the apex, and further out are precipitous to the 
margin. The posterior interradium is large, and there is a tall convex keel arising from 
a broad base and sloping sharply backwards. 

The peristome is rather small, rather crcscentic, with broad sides and a very pro- 
jecting posterior lip, which is considerably below the level of the anterior one. The 
posterior lip is thick in the centre. The plastron, elongate and rather small, is bounded 
by a space between it and the mouth, where there is no ornamentation, and at the sides 
by ambulacra covered with minute granules. The projecting point of the plastron 
limits a broad keel posteriorly, and the whole is ornamented with low tubercles on 
slightly raised scrobicules, which are elongate and sometimes imbricating ; the boss is 
tumid and flat and near one end of the ecrobicule ; and the mamelon is small and 
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perforate. This ornamentation diminishes in size posteriorly. In front of the peri- 
stome, on either side of the anterior groove, the ornamentation is very scanty, and 
consists of more or less distant low tubercles with circular scrobicules, the edges of 
which are raised like flat rings. The bosses are low and crenulated, and the very 
small mamelons are perforated. Abovo the margin in this part of the test the orna- 
mentation becomes smaller and closer, and near the keels smaller still. 

On the flanks the ornamentation is of the distant kind and is large, and higher up 
it becomes smaller and closer, but the same character is noticed. The keels of the 
lateral interradia have a few medium-sized tubercles on them near the apex. 

The posterior truncation is large and slopes downwards and slightly backwards ; 
and there is some tumidity above the posterior end of the actinal surface. 

The fasciole is peripetalous, and is large and well developed where it clings to the 
ambulacra, closing their ends and reaching far towards the apex ; but it becomes 
smaller as it passes forwards from the antero-lateral petals to curve over the anterior 
ambulacrum, and also where it passes directly over the posterior keel. There is no 
offshoot to pass beneath the anus, and no lateral fasciole. 

The appearance of the test from above is remarkable on account of the great arch 
of the anterior keels and their sloping precipitously backwards ; and it is to be remarked 
that this view indicates that the posterior part of the test is the broadest But seen 
from below, the oval outline is evident and the narrowing behind also. 

Length of the test 40 millim., breadth 33 millim., height 32 millim. 

lAKality, Nummulitic group of Kachh. Between Maniara-Fort hill and Karray, 
about three miles east of Bair. Survey-numbers C 050, C 050 f c. 

Illustrations of the Species in Plate XI. 

Fig. 1. The test from the side : natural size. 

2. The test, abactinal view : natural size. 

3. Actinal view of the test : natural size. 

4. One of the tubercles on the actinal surface : magnified. 



Genus SCH1ZASTER, Agassiz, 1836. 

On investigating the types of Schizaster Beloutchistanensis, d'Archiac, from the 
Nummulitic of Sind in the museum of the Geological Society, it was found that their 
condition of preservation did not enable us to discover the position of the fasciole in 
front of the antero-lateral ambulacra, that the branch from the peripetalous fasciole to 
beneath the anus is very faintly seen, and the ornamentation is worn. Two types are 
labelled ; and it is clear that the species varies in the breadth of the test and in the 
height of the keel on the posterior interambulacrum. 

Several Schizasters in the collection of the Geological Survey of India from Kachh 
must be regarded as varieties of the Schizaster named after Baluchistan by MM. 
d'Archiac and Ilaimc. The main difference, and in fact the only one, is that the 
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height behind the apical system is not so great as that of the type, although the whole 
height there of the test may be equal to that of the type. 

1. Scihzastkr Bauciiistaxe.vsis, (TArchiac, variety. Plate V, figs. 5-8. 

The test is tumid, elongate, longer than broad and broader than high ; the margin 
as seen from above is rounded in front with a very faint anterior groove, slightly 
flattened on either side on a line with the terminations of the anterolateral ambulacra, 
and more convex and widest a little further back on a line anterior to the apical 
system. From this point the test is curved sharply backwards, becoming narrower and 
almost pointed at the median line posteriorly. 

Seen from below, the margin has the same contour as in the view from above, 
except posteriorly, where there is a slight truncation instead of a pointed end ; and the 
truncated part is overhung (in the natural position) by the pointed end of the upper 
surface, the periproct immediately beneath this being visible from below. The test is 
tumid all round the margin except posteriorly, where it is truncated, and its highest 
point is in front of the posteriorly escentric apical system, on the keels which bound 
the anterior ambulacrum. Omitting these keels, the highest point will be the apical 
system, and the top of the test is continued backwards over a slight depression on to a 
keel in the median line. This slopes backwards and downwards posteriorly, and ends 
by overhanging the periproct. In front of the apex the test slopes very gradually along 
the line of the anterior ambulacrum, forming a gentle curve down to the tumid margin. 
On either side of the ambulacrum is a keel which is high slightly in front of the apical 
system, and which slopes in front and merges into the general surface before reaching 
the margin. The view from the front shows the groove for the anterior ambulacrum, 
the high keels diminishing forwards, the groove slightly diminishing to the peristome. 
Posteriorly the test is oblique from above downwards and forwards, slightly concave in 
the vertical line, and the lowest point there is the projection at the end of the plastron. 
Actinally the test is convex from side to side, flattened in the middle over the plastron, 
but still slightly convex there, and it rests on the plastron near the centre. The 
position of the peristome is far in advance of the centre, and its lower lip is slightly 
prominent. Finally, the plastron is slightly convex from before backwards. 

The apical system is small ; there are four generative pores, of which the two anterior 
are very small nnd wide apart ; and the posterior are very large and wider apart than 
the anterior, to which they are very close. The ocular pores arc small, aud the anterior 
is between the anterior generative pores, whilst the antero-lateral ocular pores are on a 
line with the first pair of generative and the anterior ocular pores. The posterior 
generative pores are upon a narrow slightly raised keel, which passes transversely from 
one antero-lateral interradium to the other ; and the anterior are in a depression in 
front of it and behind a rapid backward slope of the two anterior keels. 

The anterior ambulacrum is in a decided narrow and rather deep groove, bounded 
by a high keel on either side except in front. Near the apical system the groove has 
a flat floor, which becomes concave further out, and the margins of the floor arc slightly 



Digitized by Google 



OF KACHH AND KATTYWAR. 



39 



overhung by the keels. The poriferous zones are wide apart ; and the pairs of pores are 
at the junction of floor and keel. They are rather distant, oblique, and the pores are 
separated by a large rectangular or square process. They become very small and 
lose their process before the ambulacrum is crossed by the fasciolc. 

The antero-lateral ambulacra, which are petaloid and small in relation to the size 
of the test, are placed in moderately deep grooves, which are bounded within by the sharp 
narrow anterior crests, and posteriorly, near the apex, by the crests of the antero-lateral 
interradia. The grooves form rather an acute angle with each other, are shallowest 
at the extremities, and the ambulacra are sinuous, broadest midway, and they are 
narrow and limited by the fasciole at their distal ends. The interporiferous area is 
narrow, slightly aslant from before backwards, and it occupies the base of the groove. 
The poriferous zones are broad, are placed on the slopes of the groove, and the anterior 
overlaps the posterior at the end of the ambulacrum, the curvature of the anterior 
being decided there, and the posterior zone not being quite straight but tending to 
bend backwards. Both zones arc curved, and the anterior more so than the posterior ; 
the anterior is bent near the apex with the concavity forwards and inwards, and there 
is a greater and outer curve with its concavity backwards and outwards. The 
curves of the posterior zone are much less than those just noticed, but they are in the 
same direction. The pairs of pores of one zone do not usually correspond with those 
of the other ; they are very slightly conjugated ; and a raised narrow costa, rounded and 
low, is on the broad space between the pairs of pores. The pores are large, comma- 
shaped, and the outer set arc slightly larger than the inner. The outermost and inner- 
most pores are small. There are 19 or 20 pairs. 

The posterior ambulacra are very small and about one third the length of the 
antero-lateral pair; they are close, being separated by the posterior narrow keel, 
elliptical in outline, in shallow grooves ; and there are about teu pairs of pores with a 
narrow interporiferous area. The pores are smaller than those of the antero-lateral 
ambulacra. These ambulacra do not reach more than one third of the distance to the 
posterior margin of the test. 

The anterior interradia are raised into keels on either side of the anterior ambu- 
lacrum ; they are narrow, very nearly parallel, have a sharp crest which is highest 
at a point which corresponds with the middle of the antero-lateral ambulacra, and 
which slopes rapidly behind that point to the apical system. There is a consider- 
able ornamentation on the surface of the anterior ambulacrum. The ambitus has 
medium-sized tubercles placed on slightly raised flat scrobicules, which are circular in 
outline or deformed when close to others ; the bosses are low and rather flattened out 
and crcnulated ; and the mamelons are small and perforate. Where there is any 
space between the scrobicules there is a fine granulation. Lower than the ambitus 
and extending below the margin to and on both sides of the peristome are larger 
tubercles, usually less crowded, with the same structural details on a larger scale. 
The floor of the ambulacrum is granular; and this condition is seen along the 
groove to the peristome, a tubercle coming in here and there below the margin. 
Higher up than the ambitus the tubercles become smaller and smaller and more 
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crowded until the anterior fascicle is reached. On the flanks of the keels the 
tubercles arc crowded, and are larger on the inner than on the outer side. 

The lateral interradia have a keel near the apical system and some gibbosities 
further out ; and the ornamentation is of small tubercles, which become larger towards 
the margin, but which never equal the medium-sized tubercles of the anterior inter- 
radium except close to the ambulacrum at the margin. 

The posterior interradium has a very decided, narrow, elevated keel on it in the 
median line, the upper surface of which is nearly horizontal in front and curved 
gently behind. The tubercles of the interradium are very smull near the apical 
system and far back, and only become slightly larger and less crowded on either side 
and below the periproct. 

The peristome is small, far in front, and is semilunar in shape. The upper lip is a 
smooth narrow plane which slants from the ordiuary level of the test upwards and 
inwards, and is marked by the oblong slits of the peristomial ambulacral pores. The 
lower lip is at the end of the plastron, is ridged at its free curved edge, and projects 
slightly downwards ; it is decidedly lower than the upper part of the peristome. The 
plastron is irregularly elliptical in outline, is very slightly convex, and terminates 
posteriorly in a projection ; the tubercles on it are close, and are on flat, slightly 
elevated scrobicules, which are longer than broad, and which radiate in lines from the 
projection forwards and outwards, the largest tubercles being those in front. The 
bosses are oeorcr the front than the back part of each scrobiculc. 

Actinally the ambulacra are slightly grooved and very plain as regards their 
ornamentation. Slit-like pores are seen; and the posterior ambulacra limit the 
plastron laterally. 

The fascioles are two in number, the peripetalous and the latero-eubanal. 

The peripetalous fasciole bounds the end of the pctaloid antero-lateral ambulacrum, 
and is continued inwards close to the poriferous zone as far as the inner one fourth of 
the ambulacrum, and therefore close to the interradial ridge ; it then passes back- 
wards and slightly inwards to the posterior ambulacrum, the greater part of the outer 
poriferous zone of which is environed by it. The fasciole limits the end of the ambu- 
lacrum and passes over the keel in a curved direction, concavity backwards, to reach 
the opposite ambulacrum. In front of the end of the antero-lateral ambulacrum the 
fasciole turns inwards and forwards, and reaches the top of one of the crests of the 
anterior ambulacrum ; it passes over the crest in a long slant forwards, inwards, and 
downwards to form a V-shaped curve on the groove, the concavity being backwards, 
and then it joins the fasciole of the opposite side. 

The lateral fasciole starta from a small gibbosity about halfway between the 
outer and inner ends of the posterior poriferous zone of the antero-lateral ambulacrum, 
passes as a thin line with a backward, downward, and very slightly outward trend, and 
then downwards, backwards, and inwards to curve beneath the periproct about halfway 
between it and the projection of the plastron. 

The fascioles are composed of exceedingly minute granules very closely packed, 
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and the lateral and subanal arc very narrow and continuous, whilst there is a decided 
enlargement in breadth of the peripetalous fasciole close to the end of the antero- 
lateral ambulacra and quite in front 

The periproct is elliptical in shape, longest in the vertical direction, and it is 
placed immediately beneath the end of the posterior median keel. 

Length of large specimen 27 millim., breadth 22 millim., height 18 millim. ; length 
to breadth 1 : 0-8, length to height 1 : 0-66. 

iAKalily. Kachh. From a canon in Xummulitic rock between Maniara-Fort hill 
and Karray, about three miles east of llair. Survey-uumber C 080 C f. 

Illustrations of the Species in Hate V. 

Fig. 5. The test from above: natural size. 
C. The test, side view : natural size. 

7. The test, actinal view : natural size. 

8. The apical system, ambulacra, and part of fasciole : magnified. 

A large and considerably injured Spatangoid is in the same bed as that just 
described. Its measurements are :— length 58 millim., breadth 47 millim., height 44 
millim. It appears to be an adult form of the above, but the apical system is 
slightly more in front than in the others. 

Fig. 9. A side view: natural size. 

Genus PER1PNEUSTES, Cotteau, 1875. 

A well-marked species of this genus, which was first of all noticed by Cotteau in 
the Tertiary deposits of San Bartholomew in the West Indies, is in the Nummulitic 
zone of the Kachh Tertiaries. The following is the generic diagnosis of Cotteau: — 

Test long, swollen, more or less cordiform. Apical system cxccntric in front. An- 
terior groove notching the margin strongly. Anterior ambulacrum different from the 
others, and formed of simple small pores. Paired ambulacra! areas petaloid, narrow, long, 
sunken, nearly equal in length, the posterior being usually longest. Poriferous zones 
with small rounded pores near the summit, becoming larger, subtrausverse, and 
conjugate further out. Tubercles unequal on the upper surface, some large and 
distinct, and others closer, more abundant, and homogeneous. Large tubercles closely 
circumscribed by the peripetalous fasciole. Peristome transverse, bilabiate, very 
cxccntric in front. Periproct oval, largely open, placed at the summit of the posterior 
end. Apical system compact. Four generative pores, the anterior pair closer than the 
posterior. Peripetalous fasciole broad, strongly angular ; su banal fasciole annular. 

In this definition some family characters and others of a specific value predomi- 
nate. The distinctive structures of this Spatangoid are the nearly equal petals, the 
large abactinal tubercles included by a peripetalous fasciole, and the presence of a 
subanal fasciole. 

a 
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The genus is close to Mncropnemtes, differing in the presence of a subanal fasciole 

only. 

Dames* notices the doubtful distinction between Peripneustet and Euspatangus, 
and doubts whether the concave petaloid ambulacra of the former genus arc sufficient 
to separate it from Empntangus. This applies very well to the form which he has 
called Peripneuste* brwovles, Leske, sp., from S. Giovanni, llarione; but in the 
species about to be described the Peripneustic characters are much more fully 
developed than in the Italian specimen. On the other hand, the distinction from 
Macropneustes, a genus well represented in the Egyptian Xumtnulitic series, is only 
that of the presence of a subanal fasciole in the Eastern form t- 

1. Pkripxecstes insionis, Duncan & Sladen. Plate V, Figs. 1-4. 

The specimen is 79 millim. in length ; and the relative dimensions are as follows : — 
Length to breadth 1 : 0 87, height 1 : 0G08. 

The test is large and thick, somewhat heart-shaped, longer than broad and broader 
than high, tumid and subhemispherical in vertical outline above the rounded-off 
margin. Abactinally the greatest breadth is central, and the test narrows decidedly 
behind and less so in front, where the margin is broadly furrowed. Actinally the 
posterior narrowing is less than above the margin, nnd a subanal groove exists, which 
with its tumid sides gives a broad and swollen appearance to the posterior part ; the 
margins are rounded, but less so than elsewhere in the line of the ambulacra and 
especially of the postcro-lateral. 

Abactinally the highest point of the test is bebiud the centre, and on the tumid 
posterior interradium between the postcro-lateral ambulacra. There is a gradual slope 
forwards at first, and then a sharp one to the margin ; but the slope backwards is more 
gradual, the curve being greater until a line between the ends of the postcro-lateral 
ambulacra is reached, where a decidedly oblique truncation occurs, its slope being 
downwards and a little forwards. 

The apical system is slightly excentric in front (-2 part of the whole length iu 
front of the centre) and is in a little depression ; it is small, and much longer than 
broad. The generative pores, four in number, are close together, the anterior pair 
being the most approximated and the posterior rather wider apart ; they arc large, 
and are at the summit of low cratcriform eminences. 

The ocular plates are large and distinct, and arc slightly sunken below the level 
of the generative plates. The madreporic body, in relation with the right anterior 
generative plate, is placed between the postcro-lateral generative plates and extends 
backwards beyond them, gradually widening so as to separate the posterior ocular plates ; 
it narrows and euds just behind the line of the posterior edge of the posterior ocular 
plates, causing widening of the posterior interradium there. The surface of the madre- 



• Ptiiaeont. 1877, p. 72. 

t Dc Loriol, llonog. dea £cliiu. numm. do l'ligypte, 1SS1, p. 127 tt leg. 




OF KACHH AND KATTYWAR. 



43 



porite is minutely but distinctly and sharply granular, there being minute foramina in 
the spaces between the granules. 

The anterior odd ambulacrum is in a groove which is very shallow and narrow at 
first, and which increases in breadth and depth to the margin, which it excavates con- 
siderably, and it is continued over, gradually diminishing, to the peristome The pairs 
of pores are only visible near the apical system, and arc very small and distant. 

The antcro-latcral ambulacra, rather sinuous, are in broad shallow grooves, which 
gradually diminish in depth near the distal end of the ambulacrum. The ambulacra 
arc very wide apart, are petaloid near the apes, and open at the other end, which does not 
extend to near the margin ; they are curved slightly near the apex, the convexity being 
forwards, and more decided further out, where the curve alters in its direction and 
the convexity looks forwards and inwards. 

The poriferous zones, which are well developed, are situated on the slopes of the 
groove ; and the pairs of pores, small in size near the apex, increase suddenly in dimen- 
sions. The zones increase in size about halfway to the end and then diminish, the ends 
being rather narrow, but not coming to a point ; they show no tendency to close. The 
pores arc large, subequal, and are rather more elliptical than circular in outline ; they 
are conjugate by a broad shallow groove, winch is interrupted by a ridge which sur- 
mounts the broad shallow costa between each pair. This ridge usually has from seven 
to eight close granules in linear series on it, or some or all of the granules may 
coalesce to form two or three in a broken line or a ridge. There are about 36 pairs 
of pores in each poriferous zone. At the end of the poriferous zone the pores diminish 
greatly in size, become very elongate, and are rare and distant. 

The interporiferous area is narrower than the poriferous zone, and it becomes 
broader towards the end, where it equals the diminished zone in breadth. Its 
ornamentation is scanty, and consists of a small tubercle which is placed at the 
junction of the costa with the zone, and of small granules scattered very sparingly and 
of about the same dimensions as those on the costa?. 

The postero-lateral ambulacra form a small angle by their divergence, and are in 
broad shallow grooves sloping rather on the sides of the posterior tumid interradium. 
They are petaloid at the apex, are broad further oft*, and they retain their breadth 
close to the end, which is remote from the margin, the only narrowing consisting of a 
closer approach of the pores of the last four or five pairs. They are longer than the 
antero-lateral ambulacra, about equal in bn adth to them, and arc slightly curved, the 
concavity being directed forwards, outwards, and downwards. The poriferous zones have 
about 42 pairs of pores, those nearest the apex being very small. The pores are subcqual, 
but towards the distal extremity of the ambulacrum the outer pores become more 
elongate elliptical than the others ; at this part the pores become closer, and at the end 
smaller. The interporiferous area is smaller than a poriferous zone, barely equalling 
half its breadth. The greatest breadth of the ambulacra is 7 miilim., and the length 
of the antero-lateral is 35 miilim., that of the postero-lateral being 43 miilim. 

Actinally, the region of the postero-lateral ambulacra is broad, long, and nearly 
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bare, haTing a few scattered rounded granules on it anterior to the posterior margin. 
The openings for pores arc few in number. 

The intcrradia are tumid abactinally from before backwards. The anterior 
portion of the test is marked by the excavation of the broad and moderately deep 
groove at the ambitus, and there arc two slight vertical projections on each side 
of the groove, which are well defined by a slight gibbosity on each plate. 

The lateral intenadia are tumid around the apex, and, as this condition is noticed 
in the others, the apical system is in the midst of a slight depression. The posterior 
interradium is narrow and long, convex from side to side and from before backwards ; 
it forms a well-rounded tumid mass between the posterior ambulacra, is pinched in a 
little on either side between their ends, and is broadly truncated posteriorly, the slope 
looking backwards and downwards obliquely. There is a swollen look about the 
interradium at the margin, and also actinally on either side of a shallow groove 
below the pcriproct. The plastron is long, triangular, and has a slight central keel 
placed longitudinally and reaching two thirds of the distance to the mouth. The 
plastron is slightly convex from side to side. 

The peristome is excentric in front and rather close to the anterior margin ; it has 
a well-defined arched posterior lip, which is covered with small tubercles and granules. 

The periproct is large, broadly elliptical, its greatest diameter being in the vertical 
direction, and it is rather pointed above and below. Below it is a shallow broad groove. 

There are two fasciolcs — a peripetalous, which is very narrow and which runs a 
rather irregular course ; and a subanal, which is a little broader than the other. 

The peripetalous fasciole is broadest below the posterior poriferous zone of the 
antero-latcral ambulacra, with which it is not in contact, being 5 millim. nearer the 
margin than the last pair of pores. The fasciole then passes forwards and slightly 
upwards to reach a gibbosity on the outer vertical low keel of the anterior interradium ; 
it then passes downwards and towards the median line to the keel by the side of the 
odd ambulacrum, and passing still towards the median line, it crosses the ambulacrum 
with a broad curve, convexity downwards, just as the ambitus slopes towards the 
base, and 10 millim. from the lowest point of the groove in the anterior part of the 
test, and 40 millim. from the apical system. Behind the anterolateral ambulacra the 
fasciole turns suddenly but remotely, and then curves slightly into the area between the 
ambulacra before passing downwards and backwards to reach the end of the postero- 
lateral ambulacra, which it bounds ; it then crosses the posterior interradium, with a low 
curve, convexity upwards. It consists of a ribbon-shaped narrow band marked with close 
minute granules, and it is bounded by a single series of small low tubercles. 

The subanal fasciole includes the broad tuberosities on either side of the groove 
beneath the pcriproct, and it passes over the edges of this groove. Seven pairs of pores 
of the postero-lateral ambulacra are just within its outer curve. 

The ornamentation of the test, abactinally, is different within the peripetalous 
fasciole, and beyond it or nearer the margin of the test. Within the fasciole on the 
lateral and posterior intcrradia there arc a few definitely placed, and on the anterior 
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interradium more numerous and less definitely placed, small tubercles, still smaller 
tubercles, and granules. The first kind of tubercles are flat, low, truncated, crenulated, 
conical bosses, surmounted by low mamelons, which are flat above and perforated ; 
they stand in very shallow circular scrobicular spaces (often non-existent) surrounded 
by a single circle of granules ; some are placed rather wide apart, and tubercles of the 
second kind may intervene, or else the scrobicular scries of granules may touch. 

In the posterior interradium the larger tubercles are very definitely placed on 
either side of the median line, and near the apex there is a single row, one tubercle to 
each plate, then two plates have two; and the next plates on either side have three, one 
being placed behind the others so as to form a triangle. Then small and large tubercles 
are gradually added to succeeding plates to form widely open angular series, the point 
being backwards ; so that with the increasing breadth of the plates the numbers of 
tubercles increase in the Vandykes. An indication of this style of ornamentation is seen 
in the lateral interradia, the number of larger tubercles increases on each successive 
plate from the apex to the fasciole, and the arrangement is in lines converging with 
widely open angles. 

The anterior interradium has more numerous tubercles, and placed in irregular 
rows in each plate, but much more sparingly near the apex than lower down. The 
second kind, or smaller tubercles, also crenulate and perforate, are scattered generally 
over the surface, and are fewest along the median lines of the interradia. The granules 
are usually in circles around the larger tubercles, and there may be considerable spaces 
without them. 

Below the fasciole in the lateral posterior interradia there are no large tubercles, but 
crowds of the second kind, which here and there are larger than the second kind above 
the fasciole ; but in the anterior interradium there are tubercles below the fasciole 
nearly as large as those above and crowded together. 

Actinally, the ornamentation consists in front and at the sides near the mouth of 
large crenulate and perforate tubercles placed on flat disks, nearer one side than the 
other, crowded and environed by granules. Further back the dimensions of the 
tubercles diminish and they arc less crowded. 

Within the comparatively bare posterior ambulacra the plastron has its tubercles 
increasing in size from the central keel, at a point anterior to the subanal fasciole, out- 
wards and forwards. The tubercles are crowded below the anal groove and on either 
side within the fasciole. 

Locality. Kachh. From a cafion in Nummulitic rock between Maniara-Fort hill 
and Karray. Survey-number C 050. 

Illustrations of the Species in Plate V. 

Fig. L The test, side view: natural size. 

2. View from above : natural size. 

3. The apical system : magnified. 

4. Part of the posterior ambulacrum and fasciole : magnified. 
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Genus EUSPATAXGUS, Agassiz, 1847. 

Urchins of moderate size, and in general depressed. Ambulacral petals rounded, 
closed, splayed. Ambulacral areas with large tubercles, crenulated and perforated. 
Fasciole peripetalous, not sinuous, and circumscribing the large tubercles. Posterior inter- 
radium without large tubercles. A subanal fasciole present environing the anal plastron. 

1. Euspatakgus AFFisis, Duncan d' Sladen. Plate XII, Fig. 2. 

There is a much crushed specimen from the Xummnlitic series of Kachh, the upper 
surface of which and part of the actinal area are fairly preserved. It has very much 
the appearance of a Mureiia, and especially of ihose forms which have a faint fasciole, 
which is not invariable. The test was certainly not high during life, and is now very 
flat, not from crushing, but apparently from contraction or falling-in after death. It is 
notched in front, and a bold furrow is continued to the very excentric in front peristome. 

The anterolateral ambulacra open at a very wide angle, and the poriferous zones are 
slightly sunken, the interporiferous the broadest, being slightly raised. The posterior 
poriferous zone is the longest and is curved, concavity forwards. The anterior is deficient 
in its development of pores for a short distance from the apex, and the line of rudi- 
mentary hollows representing the position of pairs is directed inwards and forwards ; 
the remainder of the zone is curved more decidedly than the posterior zone and in the 
same direction. The ambulacra are broad towards the apical end and become narrow 
distally, the pores becoming closer and the interporiferous area diminishing in breadth. 
The pairs of pores are in deep grooves, separated by broad granular costa? ; the inner 
pore is round, and the outer, much the largest, is comma-shaped. 

The posterior ambulacra, much longer than the Others, are separated by a low broad 
keel, and make an acute angle ; they arc very slightly sinuous. Xarrow and coming 
to a point distally, they are rather broader midway, and increase to the first third of 
their length ; nearer the apical system they become narrower. The poriferous zones, 
longer and broader than the others, are sunken and oblique on the sides of the raised 
interporiferous area; the anterior is more curved than the posterior; and in both, 
especially in the posterior, the pairs of pores nearest the apical eud are ill-developed. 
The apical system is small, the pores close; and the madioporic body extends far 
back between the posterior ocular plates. There is an excessively faint groove with 
a rounded keel on either side of the apical system, in which the very small pores of 
the anterior odd ambulacrum are placed. 

The interradia differ much in size ; there are numerous large, sunken, crenulate 
and perforate tubercles in the anterior and lateral ; they are in four or five concentric 
rows, and they decrease in size towards the margin. One exists on either side of the 
median line in the posterior interradium. 

The whole abactinal surface is minutely and distinctly granular with miliaries, and 
amongst them arc sparsely distributed very small tubercles. 

The peristome is large ; its outline is more than semicircular, and, behind, the lip 
is stout, straight from side to side, and dependent. 
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A large tuberculation of prominent bosses and large mamelons, placed on flat 
scrobiculcs surrounded by slightly raised divisional deformed circles, exists actinally. It 
is largest on either aide of the posterior ambulacra behind the mouth, smaller in 
front, and diminishes towards the margin, over which it merges into the minute tuber- 
culation of the abactJnal surface. The plastron, long and not very broad, and the ambu- 
lacra on cither side are bare until close to tbe projecting point beneath the truncation 
for the periproct. A short triangular process of tubercles extends in front of this point, 
and merges into the ornamentation of the subanal plastron, which is environed by 
a subanal fasciolc. 

Au exceedingly faint fasciole is peripetalous and bounds the great tubercles. (The 
anus and the test close by are crushed.) 

Length 4G millim., breadth 37 millim., height 9 millim. (crushed). 
locality. One mile east of Goir, near Narainsir. Nummulitic scries of Kachh. 
Survey-number C 043 11. 

Illustration of the Species in Plate XII. 
Fig. 2. Abactinal view : natural size. 

2. EuSFATAjraus rostrati'b, d'Archiac. Flate VII, Figs. 1-8. 

This species is described by MM. d'Archiac and Ilaimc *, and the types are in 
the museum of the Geological Society of London. The condition of the specimens was 
not sufficiently good to enable a reliable diagnosis, and the figures given by those authors 
are restorations. The peculiar abortion of the inner pairs of pores of the anterior 
poriferous zone of the antero-lateral ambulacra, which is seen in the specimens lately 
collected, is not visible in the old typos, and there is no trace of a fasciolc in these 
last. The shape and the position of the great tubercles enable Euspatangus rostratus 
to be recognized ; but of course the generic position of the form is open to doubt, and 
wc have considered it in our remarks on the fauna. 

A considerable number of specimens of different sizes is amongst the collection 
from Kachh, and some of them are very perfect in their condition. Some are identical 
in shape with the types of d'Archiac and Ilaime, and others are more bilobed or 
notched in front than the original type. 

MM. d'Archiac and Haime give the following diagnosis :— 

llody elongate, Buboval ; subbilobed in front, rather attenuated behind, and trun- 
cated at the extremity ; rather thickened behind. Ambulacral petals tolerably well 
closed, rather sharp-poitited, moderately broad, and rather long. Voriferous zones 
rather narrow, costulate. Anterior ambulacrum only slightly depressed in front, with 
indistinct pores. The lateral interradia are broader than the anterior, and the posterior 
is narrow and swollen behind ; it is smooth like the ambulacra, but the others are 
covered with large tubercles unequal in size and sunken in shallow fossettcs. The 
peripetalous fasciole appears to be submarginal. The periproct is marginal, suboval, 
and angular above, higher than broad. Inferior aspect nearly plane, but swollen in 

• Op. at. p. 218, plato xv, 6g. 3. 
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front of the anus. The peristome is at the anterior two sevenths of the great axis. 
Good-sized tubercles arc on the lateral intcrradia. 

7'hc authors add, " Nous n'avons pas pu nous assurer completement de la presence 
d'une fasciole pt'ripetale dans cctte cspece." This fasciole does not occur in the 
specimens from Kachh, and it is absolutely invisible in the type described above. 

To the above diagnosis may be added:— The inner pores of the anterior poriferous 
zone of the antero-lateral ambulacra abort ; the madreporic body extends far back and 
separates the posterior ocular pores ; the subanal fasciole is distinct ; the plastron is 
large and wide ; the great tubercles are crenulated slightly. 

There is some varintion in the shape with age, and the younger forms are less 
notched (Plate VII, fig. 8). 

Localities. The species is found in the Nummulitic zone, and also in the higher 
horizon with Orbitoides. From three or four miles north-east of Pipur: Survey- 
number C 039 f. The same, but from a higher bed without Nummulites: Survey- 
number C 039 A f. From upper part of Nummulitic group with Orbitoides 
(Oligocene), from near Kapiiriisir, north of Kayari : Survey-number C 035 f. 

Illustrations of the Species in Plate VII. 
Fig. L The test from above: natural size. 
2. Actinal view : natural size. 
S. Posterior view : natural size. 

4. Apical system : magnified. 

5. Sunken tubercle : magnified. 

6. Fairs of pores : magnified. 

7. A linear longitudinal section : natural size. 

8. A specimen barely notched in front. 

V. Description of the Fossil Eihinoidea from the Beds immediately above the Num- 
mulitic Series, with Orbitoides in some instances, from Kachh. 

Order ECHINOIDEA EXOCYCLICA. 

Suborder (i N AT H O STOM A T A. 
Family CLYFEASTMDJE. 

Sulfamibj BOOL YPEASTRWJ2. 
Genus CLYPEASTER, Lamarck, 1801. 
Specimens of three closely allied species of Clypeaster are in the collection from 
Kachh. They come from a bed without Nummulites ; but their mineral condition 
resembles that of the upper part of the Nummulitic group, or that which has 
Orbitoides. 

Unfortunately only part of the specific diagnosis can be satisfactorily determined, 
as the apices are wanting ; but the species are not those mentioned by MM. d'Archiac 
and Ilaime and Grant. 
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1. Cltpkaster Sowrrbyi, Duncan & Sladen. Plate XII, Fig. 11. 

The test is flat and very slightly elevated at the rosette only, the margin is barely 
swollen, and the whole test is longer than broad ; it is truncated and indented for a 
short space behind, rather straight at the sides, truncated at the posterior lateral 
angles, and rounded in front, the curve being less at the margin of the median line of 
the anterior intcrradia than quite in front. There is a slight depression where the 
petals spring from the test. 

The petals are widely open, slightly swollen, have broad interporiferous areas ; 
and the zone of pores, broad in the third quarter of the length, attenuates towards the 
open extremity. 

The anterior odd ambulacrum is the longest, and is long and ovate ; it is not 
closed ; and the zone of the rigbt side is slightly shorter than the other. The antero* 
lateral ambulacra are the shortest and narrowest ; the terminal pairs of pores of the 
posterior zone tend to flare backwards. 

The postero-lateral ambulacra are of the breadth of the odd one, and are slightly 
shorter. The ornamentation of crowded small tubercles is carried over the costa* in a 
single row. The actinal ornamentation is larger than the abactinal. The periproct is 
close to the posterior edge, and the peristome is in a slight depression of the flat test. 

Length 55 millim., breadth 60 millim., height 10 millim. ; length of odd petal 
15 millim., of antero-lateral 11 millim., of postero-lateral 14 millim. ; breadth of 
odd and postero-lateral petals 9 5 millim., and of the antero-lateral 8 5 millim. 

Locality. Kachh. Three or four miles N.N.E. of Pipiir, from a bed higher than 
those with Nummulites. Survey-number C 039 A. 

Illustration of the Species in Plate XII. 
Fig. 11. The test, from above. 

2. CLTrEASTEit Cauteri, Duncan X- Sladen. Plate XII, Fig. 12. 

The test is depressed, faintly rounded posteriorly, straight at the sides, rounded in 
front, and slightly curved at the margin of the anterior interradia. The length is 
greater than the breadth, and the breadth is very equal between the lateral ambulacra ; 
the shape is that of a pentagon with the angles truncated and more or less rounded. 
The margin is slightly tumid, and tho rosette is slightly elevated. The petals are 
slightly swollen and are widely open ; they are broad and have large poriferous zones. 
The odd and the postero-lateral petals are nearly of the same length and are longer than 
the antero-lateral. The postero-lateral petals are the broadest, and the odd one is the 
narrowest, the antero-lateral being a little broader than it. The poriferous zone of the 
odd ambulacrum is as broad as the interporiferous area, and that of the lateral petals is 
nearly as broad. The postero-lateral interporiferous area is broader than the others. 

The ornamentation is small, but is less on the ambulacra, and a row of granules 
extends along the costa?. 

Length 68 millim., breadth 54 millim. ; breadth of posterior ambulacra 12 millim. ; 
length of odd ambulacrum 15 millim. 
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Locality. Kachh. Three or four miles N.N.E. of Fipur, from a bed higher than 
those with Nummulites. Survey-number C 039 (a). 

Illustration of the Species in Plate XII. 

Fig. 12. The test, from above: natural size. 

This species, closely allied to the last, has broader and coarser poriferous zones 
and a larger ornamentation. 

3. Cltpeaster Faloriexsis, Duncan & Sladcn. Plate XII, Fig. 15. 

The test is depressed, rather tumid at the margin, slightly hollowed out actinally, 
and very slightly elevated at the rosette. The length is greater than the breadth, 
and the greatest breadth of the irregular pentagon is on a line with the antero-lateral 
ambulacra. The margins are slightly reenteringly curved on the anterior interradia, 
and the front and hinder angles are bluntly rounded. 

The petals are very long, rather narrow, decidedly tumid, not very broad, and arc 
widely open distally. The poriferous zones arc rather straight, and the interporiferous 
areas, tumid and narrow, are not more than double the width of the poriferous zones. 
The odd ambulacrum is the longest, and its right poriferous zone is shorter than its 
fellow ; its breadth is the same as that of the others : the openness of the distal end 
is remarkable. The antero-lateral ambulacra, next in length, are widely open, and the 
posterior poriferous zone turns back at the end. The posterior ambulacra are the 
shortest, and their breadth is the same as the others. The ornamentation is distinct, 
small, and is closer within the ambulacra; a line of tubercles is on the very low coslu?. 

Length 70 millim., breadth 01 millim. ; length of odd petal 25 millim., of antero- 
lateral 22 millim,, and of posterior 20 millim. ; the breadth of the petals is 10 millim. 

Locality. Kachh. Upper part of Nuramulitic group, with Orbitoides. Falora 
river, near Babua Hill. Survey-number C 160 f. 

Illustration of the Species in Plate XII. 
Fig. 15. The abactinal surface : natural size. 

Suborder ATELOSTOMATA. 
Family CASSIDULIBJE. 

Subfamily ECIlIXOLAMriX.E. 

Genus ECH1NOLAMPAS, Gray, 1825. 

1. Ecnisoi-AMPAS, sp. Plate IT, Fig. 5. 

A portion of a test, which has weathered out of a mass of Xummulitic limestone, 
shows much of the anterior part above the apical system, the anterior and antero- 
lateral ambulacra, and part of the posterior ambulacra. The interporiferous areas of 
the antero-lateral and postero-lateral ambulacra are tumid and raised above the level 
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of the teat. The odd ambulacrum is narrower and shorter than the others. The 
apical system is excentric in front ; and the test slopes rapidly in front, where the margin 
is well rounded The anterior poriferous zone in the anterolateral ambulacra is short ; 
and the ornamentation is crowded. 

locality. Kachh. Between Bayow and Didapur, south-west of Lakpat. Survey- 
number C 031 f. 

Illustration of the Species in Plate II. 
Fig. 5. The test, included more or less in rock : natural size. 

This species appears at first to resemble an exaggerated variety of Echinolampas 
globulus, Lamk. ; but as the specimen is so incomplete we do not associate it with 
any species. 

Family 8PJTANGWM 

Sythfamily SPA TASGINJB. 

Genu* EUSPAT ANG US, Agassi;, 1847. 

1. Ecspatangus ROSTiUTCS, d'Arckiac. 

This species has been noticed in describing the Echinoidea from the Nummulitic 
series of Kachh (p. 47). Its highest habitat is in the Orbitoides beds near Kapurasir, 
north of Kayari. It is also found in the Khirthar (Nummulitic) and Nari (Oligocene) 
series of Sind. 

VI. Description of the Fossil Echinoidea from the Miocene Series of Kachh. 

Order ECHINOIDEA E ND 0 C Y C L I C A, 

Family ClbABWJE. 

Genus CIDAK1S, Klein, 1734. 
The teBt is thick, circular in outline, and equally flat above and below. The 
ambulacra are narrow and undulating, and only carry very small tubercles or granules 
in from two to six rows. Interarabulacral areas at least four times as broad as the 
ambulacral, with two rows of lurge tubercles, from four to seven in a vertical row, 
perforated, and either crenulated or not. Scrobicules large, either circular or elliptical. 
Miliary zones more or less broad and sometimes depressed. Poriferous zones narrow, 
formed of series of pores, the pairs of which are not conjugated by furrows. 

1. Cidabis Haiaensis, d Archiac <i- Ilaime. Plate VIII, Figs. 7, 8. 

This species was founded by MM. d'Archiac and Ilaime on a portion of a test, 
on which a part of an interradium and only part of the vertical half of two ambulacra 
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are to be seen*. An almost exactly corresponding portion is in the collection from the 
Arenaceous series of Kachh ; but the triple row of small tubercles on one half of an 
ambulacrum within the non-conjugate poriferous zone is visible. The portion of the 
test has many resemblances to a part of a Goniocidaris ; but under the unsatisfactory 
circumstances we leave the form as MM. d'Archiac and Haime placed it The great 
characteristic is the height of the test. 

Locality. Arenaceous scries near Warsar, north of Jakao. Survey-number C 068. 



The coronal plates are more numerous than in the other genera of CidaridiE, and 
the sutures of the plates are sunken, forming deep impressions along the vertical median 
line and also along the horizontal margins of the plates. Pits exist at the junction of 
the horizontal and vertical lines. The tubercles are perforate and non-crenulate. The 
ambulacra are narrow. The spines are cylindrical, and their surface is covered with 
ascending spines ; they are often flaring and cupped nt the extremity. 

The Arenaceous Miocene Tertiaries of Kachh contain plates and spines of a species 
of Goniocidaris; and a closely allied or identical species is found in the white limestone 
of the Mekran coast. But in this last instance the spines are much larger than in the 
Kachh deposit. The form approaches Gonioridaris tubaria, Latnk., sp., from the 
Australian and Tasmanian seas ; and it has the scrobicular circle elliptical and the boss 
and mamelon not very large. There are about eight primary tubercles, and there are 
several rows of small miliaries outside the row of secondaries around the scrobicular 
circle. The interporiferous area has six small tubercles in a transverse row (three on 
each plate). 

1. Gosiocid.vkis afkinis, Duncan d- Sladen. Plate VIII, Fig. 9. 

The interambulacral plates arc broader than high, and slope tip to the slightly 
sunken scrobicule, which covers much Bpace. The boss is a broad, short, truncated cone, 
with a groove at its top, at the base of the large perforate mamelon. A row of 
secondaries surrounds the scrobicule, aud is composed of separated tubercles with rather 
long mamelons, a miliary or a row of three intervening. Beyond this row, towards 
the median groove, is a second, of smaller tubercles, and it is less defined ; and still nearer 
the edge of the plate is a row of miliaries, a second existing on the large plates. There is 
only the row of large secondaries on the upper and lower part of the plate, but on the 
lower edge there is an ill-defined row of small miliaries also. 

The transverse grooves between the plates are linear, rather deep, and the median 
is well defined ; but the pitting at the angles is very slight. The ambulacra are undu- 



Illustration* of the Species in Plate VIII. 

Fig. 7. Part of a test: natural size. 

8. Part of an ambulacrum : magnified. 



Genus GONIOCIDARIS, Desor, 1846. 



• Op. cit. p. 1»0, pi. xiii, fig. 2. 
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lating ; the pairs of pores are separated by an elevated uarrow ridge, and there is a 
small tubercle close to the inner pore on the interporiferous area, and three smaller 
ones (or one nearer the actinostome) towards the median line. The test is thin, and 
the sutural markings are distinct on the inner surface. 

Locality. Arenaceous series of Kachh, near Warsar, north of Jakao. Survey- 
numbers C 0C8, C 068 F. 

Several fragments which arc united in a mass show that the test was high and 
that the plates were numerous in vertical series. 

Illustration of the Species in Plate Mil. 
Fig. 9. The plates : natural size (actinal end upwards). 

There are several well-marked spines in the collection from the Arenaceous series 
of Kachh, some of which belong to species of Goniocidaris (Plate VIII, Figs. 11, 13, 14), 
and show the depressed cup-like terminations, and others belong to other Cidaridte 
(Figs. 10, 12). 

Family ATtllACIADM. 
Genus (XELOPLEURUS, Agassiz, 1840. 

1. C(eloplkcrI'8 Forbesi, cCArchiac <&■ Haime. Plate XII, Fig. 1. 

This species was described and figured by MM. d'Archiac and Haime from a 
single specimen, which was much crushed and deformed (op. cit. p. 200, pi. xiii. fig. 6). 
Enough remained, however, to form a good specific diagnosis. 

In the collection from Kachh there is a broken specimen showing the greater 
part of the apical system and the upper part of an ambulacrum and interradium 
tolerably perfect. 

We add therefore a description of these parts, which is more or less defective in 
the work just quoted. 

The anal ring is irregularly pentagonal in outline and is slightly raised above the 
ordinary test-level ; one angle is posterior. The live generative plates, which are large, 
enter into the formation of the ring, and the five oculars do not, but they slope upwards 
from the ambulacra to the suture between the nearest generative plates. 

The madreporic is the largest plate, and the others arc broad at the edge of the 
ring and unite with their fellows to the right and left by a short straight suture. The 
plates are about as long as broad, and their free end is a wide angular projection, 
which is at a lower level on the test than the end of the ocular plate on either side. 
A re-entering curve is on either side, and reaches the straight suture. Tho generative 
pore is large and circular, and is at about three fourths of the length of the plate from 
the ring. Close to the edge of the ring there is a little bunch of small tubercles, about 
four in number, and beyond it are one or two others; one has the appearance of 
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having been large and prominent on cither side. Small ridges and grooves radiate 
from the bunch right and left, and some pass over onto the ocular plates. The angular 
part of the plate is free from these ridges ; but a curved groove, convexity upwards, 
intersects the plate on a level with the generative pore. 

This species occurs in Kattywar, and its details will be more carefully considered 
in treating of the fossils of that locality. 

Illustration of the Species in Plate XII. 
Fig. 1 . Part of the test : magnified. 

Family GLYPHOSTOMATA. 

Subfamily TEUXOPLECBIDJi. 

Numerous specimens of the beautiful Echinoid which was described and figured 
by MM. d'Archiac and Haime* as Temnoplenrus ftousseaui, d'Archiac, occur in the 
Arenaceous or Miocene deposits of Kachh north of Akri, south of Bair. They are 
often so well preserved that many of the structural peculiarities which are not visible 
in the very unsatisfactory types in the museum of the Geological Society are readily 
studied ; for instance, the apical system and the peristome. Some of the specimens 
are worn ; and this enables us to compare the sutures of the coronal plates with those 
of Temnopleurvs toreumatievs from the present Indian Sea. The structure of the 
ambulacral plates is visible in some worn specimens ; and it is clear that the statement 
made by MM. d'Archiac and Haime that each plate is pierced externally by three pairs 
of pores is incorrect. The plate is really composed of three, two large and one accessory, 
and each of these is perforated by a pair of pores. The first two euter into the composi- 
tion of the plate beneath the ornamentation, across which, however, the sutures run ; 
and the third is a small plate not entering much into the composition of the plate 
proper. 

The pair of pores are close, and in some places the usual slight curving of triplets 
is not seen. 

The fossettes along the horizontal sutures are, as stated by MM. d'Archiac and 
Haime, " pen profonde " and broad, and nearly as long as broad. AVe notice that 
the suture is seen at the bottom of the fossette, and that this state differs in the same 
specimen actinally and abactinally and at different stages of growth — the young and 
old forms having very differently shaped and ornamented ambulacra. In some speci- 
mens the zigzag median line of the ambulacra is very visible, in others it is much less 
so. Each plate has a large tubercle on it near the poriferous zone, and closer to the 
actinal than the abactinal transverse suture. A smaller tubercle is close to the angle 
of the plate near the median zigzag line, and three miliaries are above the larger one, 

• Op. cit. p. 205, pi. xiii, 6g. 10. 
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curving above it, whilst one or two others are between it and the smaller tubercle, 
according to the growth of the individual ; or the miliaries may be in a transverse line 
above the larger tubercle, and one or more may be between it and the smaller The 
interradial plates halfway between the apex and peristome are about twice as broad as 
they arc high. According to the original describe!*, M they all show little fossettes in 
their transverse sutures, which are rather deep, rounded, and rather elongate and sub- 
angular in the vertical direction. The number and size of these fossettes often vary 
according to position. Near the apical system two exist on each suture ; then three and 
four (which are, however, very small) are seen with descent towards the ambitus. On 
approaching the peristome the number and size diminish, and they become very small 
and slightly pronounced." It is correct to state that, from apex to actinostome, there 
are two vertical rows of fossettes in relation to each vertical row of plates ; also where 
the angle of a plate impinges against the end of the suture of the one on the other 
side of the median line there is a fossettc ; and, moreover, occasionally where the suture 
touches the poriferous zone there is one ; so that the number of fossettes varies with 
growth and individuality. Now we find that they are all shallow, that a line of 
suture crosses their floor, that when wearing has occurred the sutures are in plain 
lines, and that there is no undermining or deep perforating as there is in Temno- 
pleurus toreumaticus and in the species of Sahtuu.it. 

The fossettes along the transverse sutures have their upper and lower margins 
formed by oblique concavities in the upper and lower interradial plates ; and their inner 
and outer boundaries are formed by processes which arc in relation with the tubercles 
of the plates. A large tubercle is on the middle of each plate, and nearer the actinal 
surface a smaller tubercle is on cither side of it at some little distance; and the vertical 
processes which limit the fossettes are abactinally and actinally to those three tubercles. 
Very small tubercles or miliaries with a few larger miliaries form an arch over the 
large tubercle, and extend over the others, or are in a straight line. The fossette at 
the angle of the plates in the median line does not reach to any depth. It is evident 
that the plates are thick, and that, as they grow exogenously, spaces are left along 
the line of the sutures. The fossettes are not seen in the very young form ; and iu 
some large specimens there is so little trace of them that they resemble species of 
Sahnacis, and the plates are then not bevelled. There is great variation in the 
height of the plates. 

The peristome is small and sunken, and the cuts aro exceedingly small. The 
apical system is usually symmetrical, but in some specimens there is an obliquity of a 
long axis which recalls Glyphocyphus. 

The apical system closely resembles that of Temaopleurus toreumaticus. The 
madreporic genital plate is the largest, and the others are large and project onto the 
median interradial space with a bluntish angle ; the pore is large and not close to the 
edge, although not far removed. The ocular plates are much smaller than the others, 
and arc concave towards the poriferous zones. A row of granules is on each plate 
near its apical part. 
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The shape of the test is rarely preserved except in young forms ; it is moderately 
swollen, flattish, and ingoing actinally, and more or less turban-shaped above. (See 
notice of the shape in the description of the Kattywar Echinoidca.) 

It is clear that the tubercles are imperforate and non-crenulate. In about forty 
specimens we found one with two crenulatc tubercles. The fosscttes do not resemble 
the true pits of Temnopleurua, Pleurechinua, Sabnacis, &c* 

On examining the specimens, descriptions, and drawings of the species of Victgo- 
pleurus from the Ranikot series of Sind f, the resemblance to those now under con- 
sideration is seen to be great. Yet these Miocene forms depart from the type, and even 
from that of Dictyopleurm Hairnet, nobis J. The obliquity of the axis of the anal 
opening exists in some forms it is true, but in most the opening is circular and there 
is no obliquity. The tubercles are non-crenulate and imperforate in the Miocene forms, 
and this and the evidently ornamental character of the fossettes recall Temnechinus of 
Forbes. Admitting the alliauce of these Miocene species with the genus Dictyopleurus, 
are they separable from Temnechinusl The structure of the ambulac ra and fossettes 
in all is that of Temnechinus ; and the only difference in the ambulacra is that, instead 
of there being one large tubercle with a vertical prolongation of the plate close to it 
actinally, which separates the two fossettes of each plate, as in Temnechinus, the Kachh 
forms have three tubercles and corresponding fossettes. But as these fossettes are 
mere matters of ornamentation, the importance of considering the species as belonging 
to Temnechinus is enhanced. It is curious that in their great work MM. d'Archiac 
and llaime should have misrepresented Forbes, and endeavoured to render his 
genus of no great value. Indeed they absorb the four species of the Crag (Temnechini) 
into the genuB Tenmopleurus (op. cit. p. 202), and make a great mistake regarding the 
geographical distribution. They state: — "La distribution geographique des especes 
fossiles du genre Temnopleurua merite d'etre remarquee, puisque sur les neuf qui sont 
connues, quatre appartiennent au Crag d'Aitgleterre, et cinq aux depots nummulitiques 
de la Chaine d'Hala, sans que jusqu'a present on en ait trouve aucune autre aiUeurs." 
The species described by MM. d'Archiac and Haime did not come from the Num- 
mulitic of India, but from the Miocene. No true Temnopleurid is found therein. 
Justice and the rules of classification demand that the distinction which Forbes made 
between Temnechinus and Temnopleurua should hold good (" Echinoderms of the Crag," 
Pal. Soc. 1852, p. 5). The attempt on the part of MM. d'Archiac and liaimc to absorb 
Temnechinus fails in the face of the knowledge of the morphology of the test of Temno- 
pleurua which has beeu attained since their time. 

Forbes thus diagnosed 'Temnechinus: — " Body more or less spherical; ambulacral 
and intcrambulacral segments developed, bearing on their plates, whose sutural margins 
are mostly excavated, tubercles of various sizes. Vent central; genital disk sur- 

• MartinDunean, Journ. Linn. Soc, Zoology, vol. xvi. p. 343. 

t Duncan and SI ad on, Pal. Ind., Fo*»il Ecbinoidoa of Sind, 1'art II plates IX, x, p. 30 et ttq. 

% O/i. cit. p. 40. 
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rounding the anal space, composed of five prominent genital and five ocular plates, all 
perforated and alternating ; one of the former combined with a madreporiform tubercle. 
Ambulacral avenues composed of pairs of pores indistinctly ranked, their ranks con- 
fluent throughout. Spines of one order." 

By omitting tbe family peculiarities we might diagnose the genus as : — Spherical or 
tumid turban-shaped Urchins. Apical system well developed and regular ; peristome 
small, sunken, with very small cuts ; ambulacral pores nearly straight in series ; transverse 
sutures of ambulacra and interradia with fosscttes. Tubercles non-crenulatc and imper- 
forate. The negative characters arc the absence of time pits along or at the ends of 
sutures, and the absence of obliquity in the apical system. Occasionally a crenulated 
tubercle is seen. 

Temnechinus, thus restored, differs from Temnopleunts and its subgenus Pleurechinus, 
for these have true pits at the angles of plates which undermine the test, and are accom- 
panied by a knob-und-socket jointing of the plates. 

In Dictijopleurus (Foss. Echin. of Western Sind, p. 38) the apical system is 
oblique and an ocular plate enters the ring ; the pores are continuous in series, and 
the ornamentation is of raised zigzag ridges narrow or broad ; there are no true sutural 
pits ; tubercles crenulate and perforate. 

Arachniopleurus has a costulate ornamentation peculiar to itself, and no true piU. 

Genus TEMNECUIXUS, Forbes, 1S52. 

1. Tkm.nbciiincs Rousseaui, d'Archiac, sp. Plate XI, Figs. 7-11. 

The species remarked on above, which is so characteristic of the Kachh Miocene. 
Locality. North of Akri, south of Pair. Miocene series. Survey-numbers C 054, 
C 054 A f. 

Illustrations of the Species in Plate XI. 

Fig. 7. The test: natural size. 

8. The apical system : magnified. 

9. Part of an interambulacrum and a poriferous zone: magnified. 

10. Part of a worn ambulacrum : magnified. 

11. Part of a perfect ambulacrum: magnified. 

Amongst the specimens of this species are several which, although quite as large 
as the type, have only slight traces of sutural fosscttes, or do not have them at all. 
The rest of the ornamentation is the same as in the type. 

Platee with slight foesette*. 




Plates without fossettcs. 
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Order ECHINOIDE A EXOCTCLICA. 

Suborder GNATHOSTOMATA. 
Family CLYPEASTRIDjE. 

Subfamily EUCL YPEA STR I D.S. 

Genus CLYPE ASTER, Lamarck, 1801. 



1. Clypeaster defresscs, Sowerby*. Plate X, Figs. 5-9. 

Many specimens of this species are in the collection from Kachh, and also in the 
Museum of the Geological Society, which contains the type. 

The alliance to Clypeaster scutiformis, Lamk., is of the closest; and the scooping 
out of the actinal surface of the test, noticed by A. Agassiz in that species, is evident. 

'I he specimens are of different sizes, and some are very young. There is a variety 
which is rather more elongate than the types (Plate X, Figs, 5 & 7), and which 
renders it necessary to absorb Clypeaster profundus, d'Archiac and Haime. 

The usual shape of large forms is depressed, hollow actinally, pentagonal at the 
margin, which is slightly tumid. Test suddenly raised at the inner third of the petals 
to the apex and depressed around the distal ends of the petals. Petals unequal, the 
antero-lateral being the narrowest; all are slightly tumid. The costrc carry small 
miliaries, and sometimes one or more larger tubercles resembling those of the inter- 
poriferous area. The anus is far back and submarginal. Great variation in shape and 
in the size of the petals is noticed, and also in the outline of the test. 



Locality. Arenaceous series or Miocene : about a mile east of Goir, near Narainsir ; 
river cast of Siijapur ; near the south bank of the river from Tcyra ; Falora river, 
near Babua Hill ; Babua Hill. Survey-numbers C ICC, 0 024, C 043 a, C 043 Af, 
C 15C, C 153. 



I/lustrations of the Species in Plate X. 

Fig. 5. Abactinal view of test : natural size. 

6. Costa; and pores: magnified. 

7. Actinal view of a specimen : natural size. 

8. Diagram of section. 

9. Needle-pillars: magnified. 



2. Clypeaster Waageni, Duncan <£• Sladen. Plate XII, Fig. 13. 

The test is thin, very depressed, slightly swollen at tho rosette, and slightly 
depressed at the ends of the petals, is longer than broad, broadest posteriorly, a long 
pentagon in shape, sharply rounded in front, faintly rcentcringly curved at the sides 
and on the median line posteriorly ; angles bluntly rounded. 

The petals are very slightly tumid, broad, long, and widely open ; the interpori- 



• Grant, Gcol. Trans. 2nd ser. voL t. part 2, tab. 24, fig. 20. 
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ferous areas are much wider than the poriferous zones. The odd ambulacrum is the nar- 
rowest, and is longer than the anterolateral, and equal to the posterior pair in length : 
its poriferous zones become narrow distally and show no tendency to close ; whilst the 
interporiferous area is nearly three times as broad as a poriferous zone. The poriferous 
zones of the lateral ambulacra diminish in breadth distally, arc widely open there, and 
the last three pairs turn slightly away from the direction of the median line of the 
broad interporiferous area. The very broad and long posterior ambulacra are also 
open. The ornamentation of the inteiradia is close and small, and that of the 
ambulacra closely resembles it. The coste carry a row of tubercles of the same dimen- 
sions as those beyond. 

Length G7 tnillim., breadth 55. Length of odd petal and of posterc-lateral 
20 millim., of anterolateral 17 millim. Breadth of odd ambulacrum 10 millim., of 
antero-latcral 11, and of posterior 1T6. 

Locality. Kachh. Miocene series; about a mile east of Goir. Survey-number 
C043 Af. 

Illustration of the Specie* in Plate XII. 
Fig. 13. Abactinal view of the test : natural size. 

3. Cltpeaster Goirensis. Plate XII, Figs. 14 & 16. 

The test is depressed, longer than broad, very slightly elevated at the rosette, 
irregularly pentagonal in outline, broadest on a line with the antero-lateral ambulacra, 
narrowest in front of that line. The posterior angles are truncated, and there is a 
slight reentering curve at the sides and posteriorly. The petals are tumid, long, broad, 
widely open ; the poriferous zones are broad, become narrow suddenly distally, and 
the terminal pairs are directed outwards ; and the interporiferous areas are more than 
twice as broad as a poriferous zone. 

The odd ambulacrum is of the same length as the posterior, but is the narrowest 
of all in its area and zone. The antero-lateral ambulacra are the shortest, are broader 
than the odd one, and are very nearly as broad as the posterolateral ; these last are 
as long as the odd one, and are the broadest of all. The ornamentation is small and 
crowded, and the costae carry tubercles in a single row, which are of the same size as 
those in the interradia and interporiferous areas close by. Near the margin the orna- 
mentation is coarser. 

Length 74 millim., breadth 05. Length of odd and posterior ambulacra 20 millim., 
of antero-lateral 17 5 millim. Breadth of odd petal 12 millim., of antero-lateral 13, 
and of postero-lateral 13-7. 

Locality. Kachh. Miocene series; about a mile east of Goir. Survey- 
number C 043 A f. 

Illustrations of the Species in Plate XII. 
Fig. 14. The test from above: natural size. 

16. The terminal pores of a poriferous zone : magnified. 

VI 
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Genua ECUINODISCUS, Breynius, 1732. 



This genus, under the careful study of Alex. Agassiz, has absorbed the genera 



The test is much depressed and thin ; the anterior edge is rounded, and the pos- 
terior is truncated. There are two lunnlcs or cuts corresponding to the posterior ambu- 
lacra. Ambulacral petals small and well defined. Four genital pores. Ix>wcr surface 
flat, and the ambulacral furrows ramify but little towards the edge. Anus near the 
posterior edge. The greater part of the interior is occupied by a calcareous network 
rising into pillars for more than half the distance between the edge and the actinostome*. 

In the Miocene scries of Kachh there are some imperfect specimens of a small 
member of this genus ; but they are sufficiently well preserved to give specific characters, 
which show that they differ from, and yet are closely allied to, L'c/ii nod iscu* biforia, 
L Agassiz, sp., from Mozambique, the Red Sea, and Java. 

1. EcuiNomscrs Besom, Duncan d- Sladen. Plate XII, Figs. 7-10. 

The test is very thin, broader than long, broadest on a line with the distal ends of 
the posterior ambulacra ; it is narrower and rounded in front and broadly rounded 
behind. Actinally, the test is flat and the actinostome is very small and nearly central ; 
abactinally there is a very faint projection of the rosette and apical system, which 
is subtentral or slightly posterior. 

The anterior odd ainbulacram is the longest, and is narrower than the antero- 
lateral petals, which are the broadest. The posterior petals are broader and shorter 
than the anterior, and smaller altogether than the antcro-lateral petals. The petals are 
short and closed, and the rosette is small on the whole. The poriferous zones are 
broad, and their greatest breadth is at their outer third ; the interporiferous area is 
about the breadth of one of the poriferous zones. 

The apical system is large in comparison with the petals, and there are four genera- 
tive pores: the front pair are distinct from the others, and are slightly closer together 
than are those of the hinder pair. The posterior pores are external to the position 
of the anterolateral ocular pores. 

The lunules behind and in a line with the posterior ambulacra are in ellipses, 
whose long diameter is not quite three times that of the minor. 

Actinally the grooves are broad and shallow; they bifurcate close to the mouth, 
curve symmetrically, ami enclose long elliptical spaces, and give off a side brunch near 
the edge. Each groove has a raised ridge on its floor near the peristome, which ends in 
a slight swelling perforated by two lenticular pores. 

The peristome is longer than broad, and the interambulacra ure slightly raised at 
its edge, the posterior being the broadest. 

Locality. Miocene series of Kachh: three miles north-west of Kayari, near 
Narainsir. Survey-number C 03S f. 



Lobophora and Amphiope. 



" Se-e Alex. Agnssiz, ' Revision of Ui; Kchini.' p. 531. 
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Illustrations of the Species in Plate XII. 

Fig. 7. The abactinnl surface: natural size. 

8. The actiual surface : natural size. 

9. Plates near a lunule : magnified. 
10. Side of the peristome : magnified. 

Suborder ATELOSTOMATA. 
Family CASSIDULIDJE. 
Sub/am iiu ec ii i sol a urrxj?. 
Genus ECHINOLAMPAS, Gray, 1825. 

The diagnosis of this genus has been given and considered on a former page. 

The Miocene scries of Kachh contains numerous specimens of a species of 
Echino/amjMis which is closely allied to the recent species. 

The measurements indicate that in height, breadth, and length the forms are 
nearer Eihinolainpas Hellei than Ecfiinolampas oriformis ; but the apical system is more 
excentric anteriorly than in either of the living species, and the structure of the peri- 
stome differs. Under the circumstances, we place the forms provisionally in a new 
species. 

1. EciiixoLAMrAS Isdica, Ihtncan A- Slailen. Plate IX, Figs. 1-10. 

The test is long, broadest on a line with the end of the posterior poriferous zone 
of the posterior ambulacra, not very high, swollen at the margin, very broadly curved 
anteriorly from the small, very excentric in front, apical system ; it slopes very 
slightly behind for some space, and then more so to the slightly projecting posterior 
edge, which overhangs the periproct. Behind the position of the greatest breadth the 
test is somewhat nipped-iu. On the actinal surface the angularity produced at the 
greatest breadth is evident ; the surface is slightly convex from the margin to near the 
peristome, which is in a slight yet definite depression. The peristome is rather large 
and pentagonal; it is open and deep, and its front lip is on a line with the apical 
system. The bourrclets arc small, low, broad, and are covered with a smaller orna- 
mentation than just beyond, and it resembles that of the walls of the peristome. The 
phyllodes are petaloid and are in very slight depressions, and the doubling of the pores 
and the central line of minute tubercular ornamentation are evident. The anterior odd 
one is continued forwards, and has alternate large tubcrctcs succeeded by smaller and 
more numerous ones near the ambitus. 

The apical system is small, button-shajxxl, projecting, and there are four genera- 
tive pores; madrcporic body central. 

The ambulacra are petaloid except the odd one ; the poriferous zones are narrow, 
and the interporiferous areas wide and nearly flush with the test. 

The anterior odd ambulacrum is much the shortest, does not close, and its breadth 



62 



THE TERTIARY FOSSIL ECIIINOIDEA 



is leas than that of the other petals, but approaches that of the postoro-lateral pair. 
The left-hand poriferous zone is slightly the shortest. 

The antero-latcral ambulacra arc very nearly transverse and broader than the 
others ; they are lanceolate near the apex, but near the margin the anterior poriferous 
zone (the shorter of the two) turns backwards, whilst the posterior and longer continues 
its path, turning very slightly posteriorly when nearer the margin than the other. 

The postero-lateral ambulacra, narrower than the anterolateral, are slightly the 
longest, for their anterior poriferous zone is continued on beyond the posterior by ten or 
twelve pairs of pores, and this part of the zone tends to turn slightly forwards at the 
end. The pairs of pores of the ambulacra are rather wide apart. The ornamenta- 
tion of the interporiferous areas is very close, and it is in transverse linear series in 
lateral ambulacra. 

Behind the apex the test is much less tumid than in front ; and the ornamentation 
is small, close, and uniform over the whole abactinal surface. 

The periproct is submarginal and rather obliquely placed ; it is elliptical and 
elongated transversely, and is visible from behind in young specimens. 

The ornamentation of the intcrradia is crowded and small, widest near the apex 
end ambitus. 

The ornamentation on the actinal surface is nearly twice the size of that above, 
as well as more distant and distinct. 

Measurements of type : — Length 55 millim., breadth 49, height 30. 

Ditto of a large form: — ,, 65 „ „ 56, „ 34. 

Distance of apical system from the front in type 11 millim., and in the large 
specimen 15 millim. 

Relative dimensions :— Length 1, to breadth 0 80, to height 0-54. 

„ 1, „ 0-86, „ 052. 

Locality. Miocene series of Kachh : Wamuti. Survey-numbers C 190, C 190 f. 

Illustrations of the Species in Plate IX. 
Fig. 1. Abactinal view: natural size. 

2. Side view. 

3. Actinal view. 

4. A specimen with narrower petals. 

5. Abactinal view of the same. 

6. Apical system, magnified, of Fig. 1. 

7. Peristome: magnified. 

8. A variety : abactinal new. 

9. A variety : actinal view. 

10. Part of a phyllode : magnified. 
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2. Eciiinolampas WyjfNEi, Duncan & Sladen. Plato IX, Figs. 11, 12. 

The test is long, narrow, ovoid, narrower behind, depressed, much more tumid abac 
tinally anteriorly than posterior to tho cxcentric in front apical system. The slope is 
sudden to the tumid margin in front and also to the sides from the apical system, 
which is at the highest point, and the slope is more gradual posteriorly. 

The profile from the front is bluntly angular above, curved at the sides at the 
ambitus, and narrowed and level inferiorly. The margin is tumid except posteriorly 
in tho median line and on either side of it, where the tost is nipped-in somewhat. 
There is a slight angularity on the margin, far back in the lateral interradia. 

The apical system, which is at the highest point, is cxcentric in front, and is well 
developed. The ambulacra are unequal, very slightly raised, the narrow poriferous 
zones being sunken. The odd ambulacrum is short, narrow, and open. The antero- 
lateral ambulacra are exceedingly broad and short, but longer than the odd one ; their 
anterior poriferous zone forms a bold curve convexity forwards, and the posterior zone, 
nearly equally curved at first, has the convexity backwards ; it is longer than the anterior 
by many pairs of pores, and these curve in the opposite direction. The poriferous zones 
have the pairs of pores rather widely apart, and the costa: are stout and carry a row 
of granules. The pairs diminish in breadth towards the end, and become more distant. 
The pores are large, and the inner series are more circular in outline than the outer. 

The posterior ambulacra are the longest, but they are not so wide as the lateral ; 
they are petaloid and broad except where the posterior zone tends to approach the other, 
which is prolonged nearer the margin. The ornamentation of the interporiferous areas 
is crowded and small, and hardly differs from that of the interradia close by. 

Actinally the test is swollen between the rather sunken peristome and the margin. 
The peristome, excentric in front, is pentagoual, not much broader than long, and is 
deep, with granular walls. The bourrelets arc well developed, and the lateral are the 
smallest and the most projecting; the posterior is the widest, but does not project so 
much as the anterior; their rim projects, and is ornamented with small tubercles 
resembling those of the peristome-wall. 

The phyllodesare petaloid and somewhat sunken ; two pores are at the pcristomial 
end, and beyond is a succession of double pores, and there are pittings in the median 
line of each phylhxlc for spha?ridia. The periproct is elliptical and transverse, and 
opens downwards and backwards ; it is inframarginal, transgressing on the margin, and 
is visible from behind. The ornamentation of the actinal surface is close and crowded, 
middle-sized at the margin, larger nearer the peristome, and largest in the interradia 
close to the phyllodes. 

Length 49 millim., breadth 41, height 22. 

Relative dimensions :— Length 1, to breadth 0-83, to height 0 44. 
Locality. Miocene series: Wamuti, Kachh. Survey-number C 190 f. 
Illustrations of the Species in Plate IX. 
Fig. 11. The test, from above. 
12. Actinal view. 
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3. Echikolampas sprLEBOiDALis, d'Arclnac. Plate XII, Fig. 6. 

Several much-fractured specimens of this species are amongst the collection from 
the Miocene series of Kachh. They agree with the description given in 'Let 
Animaux foasiles dc l'lnde,' p. 210, and plate xiv, figs. 6 a, b. 

We figure the ahactiual surface of a specimen from "Stream-course near Pipiir, 
bordering the tidal flats." Survey-number C 044 f. 

Illustration of the Species in Plate XII. 

Fig. 0. The abactinal surface : natural size. 

It is interesting to find that this and the next so-called Nummulitic species belong 
to the Miocene fauna. 

4. Echikolampas Jacqueuoxti, d'Archiae. 

Some indifferent specimens are in the Miocene series. 

Family 8PATANGIDJB, 
Suhf,,mil y SPATASOIX.E. 

Genus MO IRA, A. Agassiz, 1872. 
itoent, Michelin, 1855. 

Desor, in his ' Synopsis des Echinides,' gives the following definition of the genus 
(page 394) :— 

Urchins of moderate height, tumid, ovoid, well characterized by their very narrow 
ambulacra, which resemble fine deep slits starting from the summit, and being closely 
surrounded by a peripctulous fasciole iu the form of a smootli bund. A lateral fasciole 
exists as in Schizaster. There nre two generative pores. 

The fossil species, Moira lachesk, liirard, is found in l'ostpliocenc deposits in 
South Carolina. It is, however, a variety of Moira atropos, A. Agassiz, =i5y«/?tfw^M« 
atropos, Lamk., a recent form, found down to SO fathoms from the shore, West Indies 
to North Carolina, and this is probably its northern limit. 

A recent species, found on the Califomian coast, is Moira ilotho, Mich. Alex. 
Agassi z notices that it is most closely allii d to Moira atropos, and indeed the distinc- 
tion is hardly specific. Hut this species is of importance because another recent 
one, Moira stygia, Liitk., is well differentiated, and inhabits the Red Sea and Zanzibar 
coast. It is possible to compare a fossil form from the Miocene of Kachh, which is 
found in considerable numbers at W'amuti, with these recent forms. The result 
is very interesting, for it is clear that the species about to be noticed has some of the 
characters of Moira styyia and some of those of Moira atropos and its variety. 

1. Moika aktiq.ua, Duncan $■ Sladen. Plate VIII, Figs. 1-6. 

The test is high, slopes sharply from the raised keel in the odd interambulacrum 
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to the anterior margin, and more decidedly backwards to the posterior truncation, which 
is curved, concavity backwards, and ends below in the prominent termination of the 
plastron. The marginal outline abactinnlly is heart-shaped and pointed behind ; and 
actinally the breadth is greatest behind. The apical system is behind the centre and 
in front of the narrow raised keel of the posterior interambulacrum. Two generative 
pores are present. 

The anterior odd ambulacrum, widest and very deep in front of the apical system, 
narrows and shallows towards the margin, and is continued over it close to the peristome 
as a decided groove with a flat floor. The pairs of pores are scanty in this last part of 
the ambulacrum, but are numerous and close in the deeply-sunken portion. The 
anterior lateral ambulacra are long, make an nnglc of 90°, are slit-like, and the sides 
are widest apart distally. The direction of the narrowest part, which is close to the actinal 
system, is more from behind forwards than further out. There is no overlap of the edges 
or occlusion. 

The posterior lateral ambulacra are much shorter than the anterior, form an angle 
of about 45°, are straight, narrow, and deep. 

The peristome is large, transverse ; the anterior lip is slightly convex anteriorly, and 
the posterior projects below its level. I<arge depressions for pores occur in the course 
of the antero-lateral ambulacra near the mouth, and also at the origin of the odd 
ambulacrum. The posterior ambulacral spaces are narrow near the mouth, and they 
broaden posteriorly ; they are finely granulated. The plastron is narrow, projects 
downwards, is convex from side to side, and very slightly so from before backwards ; 
its ornamentation is regular, and radiates from the posterior projection to the front, 
and the tubercles are large in front and gradually diminish in size posteriorly. 

The periproct is situated high up in the posterior truncation, is rather small, and is 
elliptical in outline. The peripetalous fnsciole is narrow, and clings to the edges of the 
groove-like ambulacra ; and the lateral fasciole is very linear, and passes downwards and 
backwards, reaching the projection at the bottom of the truncation and crossing far 
below the periproct. The upper part of the truncation rather overhangs the lower. 

Length 26-5 millim., height 21 millim., breadth 25 millim. 

n 19 » n 15 „ „ 20 „ 

Locality. Miocene series of Kachh: Wamiiti. Survey-numbers C 190, 0 190 f. 
Abundant. 

Illustrations of the Species in Plate VIII. 
Fig. 1. The test of a moderate-sized specimen: side view. 

2. Posterior view : natural size. 

3. Abactinal view of another specimen. 

4. Abactinal view of another specimen. 

5. Abactinal view of a large specimen. 

6. Outline of a small specimen : actinal view. 
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Genus BREYNIA, Desor, 1847. 

Large Urchins well characterized by the presence of peripetalous, internal, and 
subanal fascioles. There are large tubercles with deep scrobicules limited by the 
peripetalous fasciole, but not in the posterior interambulacrum. The internal fasciole 
crosses the four petals, and their pores within its area differ from those without and 
may disappear. 

1. Brkvxia cari.vata, d Archiac Sf Haime. Plate X, Figs. 1-4. 

There are two specimens in the collection from Kachh which arc sufficiently well 
preserved to enable their identity with Breynia carinata, d'Archiac & Haime, to be 
established*. Unfortunately the typical specimen in the collection of the Geological 
Society of London does not show the correct position of the crossing of the internal 
fasciole anteriorly. 

Messrs. Medlicott and Blanfordf give an excellent figure of the species, drawn 
by Wynne and Fedden (diminished one half); and they indicate the correct shape of 
the area within the internal fasciole, making it elongate, and also show for the first time 
distinctly the minute pores of the lateral and posterior ambulacra within the internal 
fasciole. These are clearly seen in the typical specimen in the Museum of the 
Geological Society. 

In the specimens from Kachh the test is decidedly nipped-in behind the posterior 
nmbulacra. The number of large tubercles increases with the dimensions or growth 
of the test, and the area within the internal fasciole is long, regularly arched in front, 
and more angular behind. 

The pores of the lateral and posterior ambulacra arc visible, and those of the odd 
ambulacrum are continued to the crossing of the fasciole. The large pairs of pores of 
the ambulacra are separated by costse which are beautifully granular. The large 
tubercles stand up from the depths of their scrobicules, are conical, small at the top, 
perforate and crenulatc. The periproct is elongate transversely, and the more or less 
cordiform subanal fasciole environs tubercles placed in very regular transverse and 
oblique scries separated by grooves, on which, near the fasciole, are the ambulacral porea. 

The peri|>etalous fasciole does not enter the space between the ambulacra, and 
includes the great tubercles. 

locality. Miocene scries: near Bair (not found in place), and near Biitta, east of 
leva. Survey-numbers C 04G, C 067. 

Illustrations of the Species in Plate X. 
Fig. 1. The test, abactinal view. 

2. The test, posterior view, showing subanal fasciole. 

3. Abactinal view of a large specimen. 

4. Apical system : magnified. 

• Op. tit. p. 21G, tab. jy. 
t Op. eit. plat* xu, fig. 0. 
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The type of the genus Breynia is the recent Breynia Australasia, the Spatangus 
Australasia of Leach, from South Australia. A second species described by Gray, 
•Catalogue of Echinida,' is from Western Australia. His description, however, is 
difficult to understand, as he says there arc tubercle* on the posterior interambulacrum. 
Probably this is a misprint for anterior. The real and only difference between this and 
the southern form (which is also now found in the Chinese and Japanese seas and in 
Torres Straits) is that the number of tubercles is greater in the western form. Alex. 
Agassi z docs not recognize this second species, however. 

The recognized species is carefully described by Alex. Agassi z in his * Revision of 
the Echini ;' and he notices the complete obliteration of the inner pores of the lateral 
and posterior ambulacra within the internal fasciole, and the paucity of great tubercles 
on either side of the anterior ambulacrum. 

Genus TROSCHELIA, gen. nov. 

The test is long, high, oval, notched in front, truncated behind. Apical system 
excentric in front; madrcporic passing between the posterior ocular plates. lateral 
ambulacra in very deep grooves; pores large ; poriferous zones not closed; inner pores 
of antero-lateral ambulacra small. Peristome execntric in front, broader than long, 
posterior lip well developed. Periproct high up in the truncation. Large sunken 
tubercles in the interradia, except the posterior. A peripetalous fasciole passes 
between the great tubercles on the lateral interradia. A subanal fasciole well 
developed. 

1. Tboschelia tuberculata, Duncan <f- Sladen. Plate VII, Figs. 9-12 ; Plate XI, Fig. 5. 

The test is irregularly oval in outline and largest anteriorly ; abactinally it is 
rounded in front, Blightly notched at the margin by the anterior groove, broadest behind 
the apical system, which is excentric in front, nipped-in posteriorly, and truncated 
behind, the truncation sloping gently from above downwards and forwards. The test 
is longer than broad and broader than high, and the height is one half of the length ; 
it is generally tumid, the transverse outline of the abactinal surface being nearly 
hemispherical. The margins are rather sharply rounded and the actinal surface is 
generally slightly convex, except at the narrow flat plastron, the posterior extremity of 
which projects decidedly downwards. The highest point of the test is nearly central 
and behind the apical system, the slope is gradual posteriorly, and there is a bold curve 
anteriorly. 

length of test C4 millim. ; breadth 54 millim. ; height 32 millim. The length to 
the breadth 1 : 0 843 ; the length to the height 1 : 05. 

The apical system is far in front and slightly posterior to the third of the length 
from the anterior margin. The peristome is also excentric and in front, but it is 
slightly posterior to the position of the apical system. The periproct is at the top of 
the posterior truncation and just below the ending of a rouuded-off keel ; it is large, 
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elliptical in outline, elongate nearly vertically, and is partly visible from the aclinal 
surface, but not from the abactinal. 

The apical system is situated in front of a broad keel in the odd interambulacrum, 
and behind a flat surface which leads in front to the narrow shallow groove for the 
anterior ambulacrum ; it is small. There arc four generative pores, of which the 
posterior pair are the largest and widest apart ; the anterior pair are close to the 
posterior ; and the madreporic body extends between the posterior pair and posteriorly 
to them, being larger than the area included by the pores. 

The odd anterior ambulacrum in the groove has a broad floor ; and the pores, 
elongate, very visible, and few in number, are on the slope of the broad keel-like 
eminences which bound the groove. The pairs of pores are wider apart anteriorly. 

The anterior pair of ambulacra are long, nearly transverse in direction, and are 
placed in wide and deep grooves, which become flush with the general surface at the 
outer end of the poriferous zones, not far from the margin. The grooves are broader 
and deeper than that which includes the odd ambulacrum : they diminish in 
breadth externally, and the anterior edge is slightly convex to the front, the posterior 
being straight. The interporiferous area is narrow and finely granular, and is on the 
base of the groove ; and the poriferous zones are broad and partly on the flanks of it. 
The pores within the groove are very large, nearly circular in outline, those of each 
pair being separated by a narrow process and conjugate, and there are about twelve 
pairs in each zone. But nearer the apical system, at the commencement of the groove, 
there arc, in each zone, a pair of small pores and four pairs of almost microscopic ones, 
ending close to a minute ocular pore. The poriferous zones do not curve together at 
the outer extremity of the groove, and the petal is not closed ; the peripetalous fasciole 
is in close contact with this part of the ambulacrum. 

The posterior pair of ambulacra are the longest, are in deep grooves, which are 
narrower than those of the anterolateral pair ; they diverge at a very acute angle and 
are close together, being separated by the narrow, convex, keeled interambulacrum, 
whose extreme breadth is not more than twice that of the grooves. These ambulacra 
arc nearly straight; but towards their ends they curve slightly forwards, become flush 
with the test, and are bounded by the fasciole. The petals do not close. There are 
about eleven or twelve pairs of large pores within the groove, and the interporiferous 
area is narrow. Nearer the apex there are a few very small pores. 

The anterior interradials arc roundly keeled at the anterior groove, tumid else- 
where, and pass into the rounded margin. The ornamentation on top of the flat keel 
on either side of the anterior groove, just in front of the apex, is of close rows of flat 
tubercles in sets of four, and they become irregular and smaller towards the front and 
also near the anterolateral ambulacra. On the slope of each interradium in front are 
three irregularly placed groups of large tubercles sunken in deep scrobicules and 
adherent to one side of them. The first group is a solitary tubercle, which may be 
flanked by two smaller ones ; the second, inferior to the first and separated by the 
fasciole, is a long irregular linear series of six tubercles; and the third, still nearer 
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the margin, consists of a small group of tubercles near the groove, and of a linear series 
extending below the line of the antcro-lateral ambulacrum. 

The lateral interradia are marked with some twenty large tubercles of the same 
character as those of the anterior interradials ; they vary somewhat in size, aud 
the smallest arc the lowest. They arc in irregular rows, and the uppermost set is 
separated from the others by the peripetalous fasciole. Occasionally some of the 
tubercles are close to the distal end of the poriferous zone of the posterior ambulacra. 

The junction of one side of the tubercles with the test in which the scrobicule 
is sunken is very evident ; they rise but little, or not at all, above the level of the test, 
and have a minute mamclon which is perforate and crenulatcd. The ornamentation 
between these great tubercles is very closely packed, and consists of small flat tubercles 
larger than miliaries, with hardly any space between them. 

The posterior intcrradium, convex from side to side, keeled anteriorly and trun- 
cated posteriorly, has no large tubercles upon it, and the ornamentation resembles that 
of the other interradials. 

The peristome is transverse, slightly sunken, with a well-developed posterior lip. 
The anterior groove, after notching the margin of the test, is lost, and does not lead to 
the peristome. A very narrow and slightly projecting posterior ambulacrum leads on 
either side of the plastron to the peristome in front, and to the strongly ridged arched 
portion of the ambulacrum within the subanal fasciole behind. This narrow band has 
no tubercles, and they are small on the ridge. 

The plastron is narrow and is covered with small tubercles on flat, raised scrobicules, 
and their size diminishes towards the dependent projection, which is crossed by the 
fasciole. 

The rest of the inferior surface beyond the fasciole and the plain band of the 
posterior ambulacra is profusely tubcrculate, the dimensions of the tubercles increasing 
from the margin inwards. Usually the tubercles project from the edge of flat scrobicules 
with circular or elliptical margins ; but occasionally the scrobicule is sunken in front, 
and a miniature of the large tubercles of the abactinal surface is produced. 

The subanal fasciole is strongly developed, and is on the slope of a considerable 
bent ridge placed on either side of the test. The fasciole crosses over to the opposite 
side between the peristome and the depending part of the plastron, and forms above a 
curve, concavity upwards, which is situated far below the anus. Within the area 
limited by the fasciole arc some pores of the ambulacra and some distinct tubercles in 
rows; these tubercles diminish in size towards the median liue, and are placed on 
slightly raised, flat, elliptical or circular scrobicules. 

There is a concave space below the anus, and it is limited below and at the sides 
by the ridge for the subanal fasciole. 

There is a narrow and very sinuous peripetalous fasciole ; it can be seen passing 
round the end of the antero-lateral ambulacra and curving upwards and forwards 
between the series of large tubercles on the anterior interradia to cross over to the 
opposite side. Posteriorly it passes upwards and backwards, separates the upper 
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tubercles from those nearer the margin, and reaches the edge of the posterior ambulacra; 
it turns round their outer terminations and crosses over the posterior intcrradium 
rather far back. 

Locality. Kachh: stream-course north-west side of Hikelu Hill. Miocene 
series. Survey-numbers C 0G1 B f, C 061 (b). 

Illustrations of the Species in Plate VII. 
Fig. 9. Abactinal view : natural size. 

10. Actinalview: natural size. 

11. Part of the ornamentation near the anterior ambulacrum : magnified. 

12. A tubercle : magnified. 

Plate XI. 

Fig. 5. The apical system, showing the small pores. 

Genus EUSPATANGUS, Ayassiz, 1847. 

1. EUSPATANGUS Patellaris, oVArchiac & Haime. Plate XII, Figs. 3-5. 

A specimen of this beautiful species, unfortunately broken (as is the type) poste- 
riorly, is in the collection from the Miocene series of Kachh. It coincides with the 
drawing and description given by MM. d'Archiac and Haime (op. cit. p. 217, plate xv, 
figs. 8 a, 6 b); but there are some points of detail which may be added. The large 
tubercles in sunken scrobiculcs have narrow conical bosses and very small mamelons, 
which arc perforate and crenulated. The ornamentation is very pronounced, of 
different-sized small tubercles mixed without much order. The fasciolc is narrow but 
distinct, passes over the front along the margin, and is more lateral than peripetalous. 
The plastron on tho actinal side is broad, and with the ambulacra forms a large portion 
of the test; it is nearly plain in its ornamentation. The anterior margin is slightly 
notched, and the furrow is continued over to the mouth. 

Locality. Miocene series of Kachh: Wahior stream near Chiropira. Survey- 
number 0 Ooa B. 

Illustrations of the Species in Plate XII. 
Fig. 3. Actinal surface ; natural size. 

4. Odd ambulacrum : magnified. 

5. Fasciole and ornamentation : magnified. 

Amongst the collection from Kachh is a specimen the locality of which is 
unknown : — 

Genus S( 'HI/ASTER. 

1. SciuzAKTKR Grakti, lJuncun Slatlat. Plate VI, Figs. 8-12. 

The test is ova), broad and rounded in front, the greatest breadth being behind 
the antero-lateral ambulacra, and narrow almost to a point behind; it is depressed 
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and is very slightly highest on the posterior keel. Length 30 millim., breadth 26 5 
millim., height 19 - 5 millim. The test, rather flat above, slopes gradually to a narrow, 
tumid, slightly notched anterior margin ; the low and only slightly convex keel of 
the posterior interradium slopes backwards and overhangs the posterior truncation of 
the test ; and the sides are everywhere tumid. The posterior part is roundly truncated 
and is reenteringly curved, being concave from above downwards ; the periproct, high 
up and large, is visible on an actinal view. Actinally the test is generally convex, and 
especially from side to side over the plastron. 

The apical system is excentric and behind the centre, and the peristome is far in 
front. The anterior odd ambulacrum is in a deep groove with nearly vertical sides and 
about twelve pairs of pores placed at the angle of the floor and wall, and they are 
moderately distant. The pores of each pair have a tubercle between them, and are in 
the midst of a granular surface, which also covers the floor of the groove. Higher up 
on the flanks of the groove tubercles, small and not very close, are seen. In front 
the pairs of pores become very rare, the groove widens and almost ends, and there it 
is traversed by the fasciole, whose curve is convex anteriorly. Beyond, the groove is 
faintly traced to the peristome. 

The anterolateral ambulacra are moderate in length, narrow, in deep grooves, 
pointed at the distal end, and curved, convexity forwards and iuwards ; they form an 
angle of 90\ 

The interporiferous areas are narrower than the poriferous zones, which are on the 
slope of the sides of the groove. The pairs of pores are distant, separated by broad 
low costae, on which is a narrow row of miliarias or a simple ridge. The pores of 
the pairs are large, obliquely placed, elliptical, and the outer are the longer ; often a 
ridge or rim surrounds a pore. There are about 22 pairs of pores. 

The trace of the relics of the other ambulacra shows them to have been rather 
wide apart and short. 

A well-developed peripetalous fasciole clings to the ambulacra in the lateral 
interradia ; it then turns round the anterolateral ambulacra, barely closing them, so close 
are the distal pairs of pores. The fasciole then passes almost directly inwards to reach 
the keel of the anterior groove, and passes forwards almost to the ambitus, and then 
crosses. A lateral fasciole leaves the peripetalous one, and dips down to reach the 
posterior part of the tuberosity at the end of the plastron; and it crosses beneath 
the periproct above the tuberosity and below the concave, hollow, and highly orna- 
mented infraperiproctal area. The peristome is crescentiform, and the plastron is 
large. The areas of the posterior ambulacra on either side of the plastron are 
curiously granulated. The ornamentation is generally small, and increases very regularly 
in size at the anterior margin, being largest below in front of the peristome. The 
tubercles are low, and have a perfect or imperfect raised scrobicular circle. The keels 
of the anterior interradia are moderately developed, especially posteriorly. 

locality. Geological position doubtful: in Alrasa, Western Kachh. Survey- 
number C 1 
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Illustrations of the Species in Plate VT. 

Fig. 8. The test, abactinal view : natural size. 
9. The test, actinal view : natural size. 

10. Anterior ambulacrum : magnified. 

11. Distal end of an antero-lateral ambulacrum: magnified. 

12. Tubercles: magnified. 

This species is common in Kattywar, in the Miocene series, and is the commonest 
Spatangoid in the Gaj scries (Miocene) of Sind. It will be noticed amongst the collec- 
tion from those localities. 

VII. Itemarks on the Faunas. Xummulitic Species of Kachh. 

The variety of the species Arachniopfenrus reficu/atus, nobis, which was described 
and figured in our work on the Fossil Echinoidea of Western Sind, is almost 
worthy of being called a new species, were it not evident that all the species of 
Tcmnopleuridas with the raised ribbing of the plates vary in this ornamentation during 
growth and individually. The form links together the faunas of the Nummulitic 
series of Kachh and Sind, although no other Ranikot species is distinguishable in the 
higher horizon of Kachh whence the fossil was derived. Clearly the Ranikot series 
of Sind is below the main Xummulitic limestone, to which the lowest marine fos- 
siliferous Tertiary beds of Kachh belong. The affinities of the genus with Glupho~ 
cyphus, Lictyopleurus, and the false Temnopleuridaj, or those without true pits*, are 
evident, and also with Faradoxechinus, Laube, of the Australian Tertiaries. No other 
member of this or of the true Temnopleuroid group is as yet known from the Num- 
mulitic series of Kachh. 

The species of Clypeaster is at once known by its very open ambulacra and receding 
terminal part of the poriferous zones. The needle-pillars are visible at a fractured 
spot, and there is no doubt about the genus. It is the earliest example of the genus 
in the Indian Nummulitic. 

We have enlarged upon the genus Amblypygus in describing the two well-marked 
species from Kachh. The position of the anus, the oblique peristome, the intercalated 
utnbulacrnl plates, and the double series of pores, which is continued over the margin 
to well within the peristome, are generic and characteristic. The modem genus Echi- 
noneus is closely allied, and the nature of the interradial plates around the peristome 
is the same in both genera, and were it not for the presence of a remarkable 
tuberculation, should come under the genus Amblypygus. The Kachh forms do not 
resemble those of Sind f, although the alliance is closer than with the species described 
by de Loriol from Egypt. The great height in relation to length and the pentagonal 
outline are distinctive and characterize the Kachh form. 

• Duncin, « Morphology of TcmnopleuridiB," Journ. Linn. Soc., Zool. iri. p. 343. 
t KhirtW acriea. 
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The genus is not found in the Ranikot scries of Sind, but in the higher and main 
Nummulitic limestone of the Khirthars. 

Several Bpecies and a variety of the genus Ecliinolampas are described from the 
Xummulitic series of Kachh. The commonest are high, long Conoclypoid-looking 
forms, eminently suggestive of Egyptian affinities. The beautiful forms described 
by dc Eoriol from the Xummulitic of Egypt and Lybia, and named by him Echino- 
lampas Fraasi and Osiris, are closely allied to the Kachh species, which, however, do 
not appear to have any great affinities with the Echinolampads from Sind. Amongst, the 
more depressed forms from Kuchh one resembles Echinolautpas discoideun, d'Archiac, 
but it is nevertheless distinct. 

Amongst the flat and oval species is Ecliinolampas Yicaryi, d'Archiac ; and probably 
it was from Kachh that the typical specimen came. 

Cottcau's genus Peripncudes is represented in the Xummulitic of Kachh ; 
and we have noticed the affinities of the genus to Eutpatangw and Mmrripm listen 
in the description of the species, which stands rather alone. It gives a Xummulitic 
fades to the collection, which is intensified by the presence of two large depressed 
Jlemiasters, Li a t/ii a -like in shape ; they have peripetalous fascioles only. . 

Another Ifemicuiter, If. carinatus, nobis, is mimetic of the shape of Schizaster 
Bahichidanensis, d'Archiac, but has two generative pores, a peripetalous fasciole only, 
and great keels on the anterior and posterior interradia. It is a very marked form. 

The Schizanter which has given much trouble to some students of the European 
Nummulitic. and which has the not very euphonious name Beloutchidancitsis, d'Archiac 
(and which may be spelt Balurhidatwws), is one of the types described by d'Archiac 
and Haime from the Hah range— a geographical fallacy, but meaning the hill-country 
of Western Sind. The typical specimens were so rolled that no ornamentation could 
be seen, and the position of the fascioles is open to doubt. The shape, however, is 
peculiar. The great height of the posterior keel adds to the general height of the 
hinder part of the test, the ambulacra are very different in size, and there are four 
generative pores, the two anterior being on a line with the anterior and antero-lateral 
ocular pores. The actinal plastron is rather convex. 

A variety is found in Kachh, in the Xummulitic series, but it is not a common 
form. 

The Euspafangi of the Xummulitic deposits of Kachh have given much trouble, on 
account of their resemblance to Maretia. Indeed it appears that the genus which was 
the last defined must be absorbed by that which first attracted the notice of Agassiz. 
There is no generic distinction between Evspatangus, Agass., and Maretia, Gray, 
except in the existence of a peripetalous fosciole in the first named. In some 
Euspataiuji the fasciole is well developed, in others it is seen with difficulty, and in the 
form Euspntatiijus affinis, Duncan and Sladen, from Kachh, only a vestige exists, about 
3 millim. in length. On the other hand, Maretia planulata has occasionally a partial 
fasciole, and a fossil form from Australia has it distinctly. It is in our opinion im- 
possible to form an intermediate subgenus, and unreasonable to separate forms generically 
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because of one very variable structural peculiarity, which is not ot much physiological 
importance. 

In the well-known type Euspatanyus rostratus, d'Archiac, from Kachh, no 
peripetalous fasciole exists ; it has all the characters of a Maretia with a large anterior 
notch. But in Sind, as will be noticed in our memoir on the Khirthar series, the 
presence of a faint and short fasciole is evident. Hence we call these forms Euspatangi, 
and not Maretia?. 

The truly Xummulitic Echinoid fauna of Kachh has no affinities with those of 
the Infra-Trap and Ranikot series of Sind ; it is to a considerable extent Egyptian 
in its fades, but the species which give the idea of likeness are representative, not 
identical. 

Only Echinulampas Vicaryi, Schizaster Baluchistaiiensis, and Euspataiigus rostratus 
have been previously observed in Indian Tertiarics ; they are species which were described 
from Sind by MM. d'Archiac and Haime, and the first two are truly Xummulitic. 

Amongst the forms noticed by Grant and described in a very short memoir by 
Sowerby, from Kachh*, one called by the latter (but not described) GaleriUs pidvi- 
natus is an Amhlypijgus ; another, called Clyjieaster, is an Echinolampas, and probably 
E, I'icaryi, d'Archiac ; a second Clypeaster, termed carious, but not described, only 
figured, is one of the tall forms of Echinolampas described in this memoir. Sowerby's 
Spatangvs acuminatus, Goldfuss, is Schizaster Bahtchistanensis, d'Archiac. 

Remarks on the Forms from the Oligoeene Series with Orbitoides. 

The number of species is very small, and Ctypeaster predominates as a genus. 

There are four specimens of different species or varieties of the genus Clypeaster 
in the collection of the Geological Society of I^ondon, which were noticed by MM. 
d'Archiac and Haime and by Grant. Two are considered by the first named authors to 
be varieties of Echinanthua profundus, and one is called by them Echinanthus Halaensis. 
Capt. Grant and Sowerby api>ear to have been struck with the elongate form and 
deep actinal surface of the fourth form, which, however, is in such a condition that we 
do not propose to deal with it. It is necessary, however, to consider the first three 
forms, which belong to the genus Clypeaster, Agassi?., and not to that of Echinanthus. 

C'LYrEASTKK rKotTNDUS, d'Archiac, sp. (op. cit. p. 207, plate xiii, tig. 14). 

In a form called by d'Archiac variety «, the length is greater than the breadth, 
7'J milJim. to G2 miUim., the margins are moderately thick but not tumid, and the 
Blope upwards of the rosette is slight and to the apex. Irregularly pentagonal, the 
margin is sharply rounded in front, incurved to the lateral ambulacra, then straight to 
the truncated posterior lateral angle. The hinder margin is thinner than the front 
ami is slightly incurved. 

• O runt, " Geolopy of Catch." Tnui». Ucol. Soc. NT. ii. vol. v. pt. 2, p. 327. 
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The anterior odd petal and the postero-lateral are equal in length, and the latter 
is the broader ; the anterolateral petal is the shortest and narrowest of all, its length 
being a little less than the odd one, and its breadth also. The ambulacra are slightly 
tumid and arc open distally ; the poriferous zones are broadest midway and are rather 
pointed towards the ends ; the inner row of pores forms a regular but slight curve, and 
there is a slight outward turning at the outer extremity. The interporiferous areas are 
twice the breadth of a poriferous zone. 

Length of odd and posterior ambulacra 23*5 millim. ; length of lateral petals 
20 millim.; breadth of odd petal 11 millim.; of lateral 10 millim.: of posterior 
12 millim. 

The variety /3 of M. d'Archiac is pentagonal, longer than broad, broadest on a 
line with the lateral petals, and narrowest at the truncated posterior angles. The 
sides are slightly rounded anteriorly and sharply so quite in front ; -they are nearly 
straight, {Hissing backwards and rather inwards behind the point of greatest breadth. 
The test is thick ; and the slope from the apex is more gradual in front than behind it. 

The characteristics of the form are the great size of the poriferous zones in the 
outer third of the petals, the curvature of the line of the inner row of pores, the com- 
parative narrowness of the interporiferous areas in relation to the poriferous zones, and 
the nearly closed condition of the distal ends of the ambulacra. 
Length of test 71 millim. ; breadth of test 51 millim. 
Length of odd ambulacrum 21 millim.; breadth of odd ambulacrum 125 millim. 
„ lateral „ 10 „ „ lateral „ 11 -75 „ 

„ posterior ,, 21 „ „ posterior „ 12'5 „ 

Interporiferous area 1 \ times as broad as the poriferous zone. 

The odd and postero-lateral petals are thus equal in size and are larger than the 
antero-latcral. 

This form is specifically distinct from the variety a. 

The third form, C 'ly /mister Ilalnensis, d'Archiac, is flat-topped, as is wi ll shown by 
MM. d'Archiac and llaime (oj>. cit. plate xiv) ; it is rather thick anteriorly and 
thin behind, pentagonal, longer than broad, broadest slightly in front with straight 
sides. The following are the measurements : —Length of test 72"5 millim. (a fracture 
prevents the breadth being known). 

Length of odd ambulacrum 20 millim. ; breadth of odd ambulacrum 16-5 millim. 
lateral „ — „ „ lateral „ 11 

„ posterior „ 20 „ „ posterior „ 12 „ 

The anterior interporiferous area is 1J times as broad as the poriferous area, 
and the width of the interporiferous area of the postero-lateral is twice that of 
the i>orifcrous zone. The inner line of pores of the anterior ambulacrum is faintly 
curved, and that of the posterior considerably so ; and all the poriferous zones nearly 
approach at their distal ends. 

l2 
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The fourth species is Clypeaster depresses, Sowerby. This is not a Xummulitic 
form, but it characterizes the Oligocene in Sind and the Miocene in Kachh. 

The others have not been found as yet in the Lower Tcrtiaries of Sind or of Kachh. 
There are, however, three species of Clypeaster in this division of the Kachh Tertiaries; 
they all have very open petals, und are depressed, yet well-sized forms. As a group 
they recall, but are specifically distinct from, the series described by Laube from the 
Vicentiu, which includes Clypeaster Michelini, C. scutum, and C. regains (•' Vicenti- 
nischc Echinodermen," Denkschr. d. k.-k. Akad. d. Wissensch. Hd. 29, Taf. iii. 1808). 

A very fine specimen of an Echinolampas is in this scries, and although only 
portions of the test are visible, its swollen, high, and long slope are evident. The 
petals, were they on the same level as the test and slightly narrower, would correspond 
with those of Echinolampas globulus, Laube, and especially with those figured by de 
Loriol in his last work on Egyptian and Lybian Echini. Considering how variable a 
species this is, and the general resemblance of the Kachh form to figured specimens, 
we feel disposed not to dinguuse a new species, but to ally our form with that of 
Egypt and San (iiovanni Ilarione. 

Euspatangus rostratus, d'Archiac, is found in the beds with Orbitoides, and the 
remarks already made will apply to it ; it is the only species which passes from the 
Xummulitic to the Oligocene in Kachh. 

Remarks on the Species of Echiuoidea from the Miocene Series of Kachh. 

The Cidaris which is found in the Miocene series of Kachh is that Cidaris 
Ilalaensis which was described by MM. d'Archiac and Haimc from the Xummulitic 
strata of the mythical Chaine de Ilala. It is a well-marked species, and adds to the 
number of the Tertiary Cidaridw, with not very depressed tests and moderately broad 
and not narrow interporiferous areas, which are decorated with two or three minute 
tubercles, one being larger than the others, on each interporiferous plate. The re- 
semblance to European Tertiary species is slight ; and the species has only a generic 
relationship with the recent Cidaris nu tularia, Rlaiuv. The small secondary tubercles 
on the slope of the coronal plates and beyond the larger ones of the scrobiculur circle 
are pointed and round hi outline and have minute mamelons. The tubercle close 
to the poriferous zone in the ambulacrum is about the size of the third grade of coronal 
tubercles, and is therefore small for a secondary. A narrow sunken line, without orna- 
mentation, is over the vertical sutures in the median interambulacra. Moreover there 
ore a few milaries, or one or two vertical series of three, between some of the larger 
tubercles of the scrobicular circle, which are along the transverse suture between the 
vertical series of coronal plates. This apparently unimportant ornamentation links the 
species to one which will be noticed from the Miocene of Kattywar. 

There is nothing remarkable about the (iimiocidaris except thnt it differs from 
the recent species, yet has some poiuts which link these last together. The spines 
are moderately large, but it is interesting to know that they are smaller than those 
belonging to a later deposit in the Persian Gulf. 



OF KACHH AND KATTYWAR 



77 



The Cahpleurut is also a form believed to be Nummulitic by d'Archiac and 
Haime, and is their species C. Forbesi. The specimen is less weathered than the type 
of the species in the collection of the Geological Society ; but when it is compared with 
one from the Miocene of Kattywar the results of the weathering and sand-scratching 
can be appreciated. A moderately sized tubercle is on each of the generative plates, 
yet it is hardly visible in the Kachh specimen, and not at all in the type. 

Culopleunis Forbesi, d'Archiac, is essentially a Miocene form, and is found in great 
abundance in the Gaj &eries of Sind. 

The genus Ccelopleurus has a considerable range, and is found in the Nari 
deposits of Sind, which are Oligocene in age. It occurs also in the Miocene of Sind 
and Kattywar ; but the Nari species is not Calopleurus Forbesi. Cwloplettrus equis, 
Agass., and C. Prntti, d'Archiac, are the Oligocene species, and C. Forbesi the Miocene 
form. Alex. Agassiz has given beautiful representations of the Oriental Ceehpleunts 
Maillnrdi in his Heport on the ' Challenger ' Echini, plate vi ; but our examination 
shows that the Miocene form differs considerably in the shape of the apical plates and 
in the details of the ambulacra. 

We have considered the generic position and structural details of the Temno- 
pleuridrc which are such characteristic fossils of the Miocene series of Kachh in dealing 
with the species. The distinction of the closely allied species of Lietyophunis of the 
Nummulitic series of Sind from the beautiful Temnoplcurids of Kachh is explained; and 
it is noticed that, notwithstanding the vigorous onslaught of d'Archiac and Haime 
on Edward Eorbes's genus 'Temiieckinus, their own species of Temnoplf tints must 
come under it. Exception may be taken for Temnophnraa tuberculosa*, d'Archiac, as 
will be explained in noticing the Kattywar Echini, but we do not retain the genus 
Opechintts, Desor. The anatomy of the test of Temnopleurns toreumaticus and of the 
allied forms of Sahnaris has been examined by one of us ; and the nature of a true 
species of Temnopleurtts has been established. The special structures are not found 
in the forms called Tcmnopleurux Huitsseaui, T. costntus, and T. llookeri by d'Archiac ; 
these are varieties of one species, which we refer to T. Rousseau/', but all arc Temnechini. 
The fact that in some full-grown specimens of Temnechinns Rousseaui there are no fos- 
settes in the actinal half and very few elsewhere, is very suggestive. D'Archiac and 
Haime were in fault in accrediting their species with a Nummulitic horizon. All have 
been found by us in the Miocene of Kachh and Kattywar, and only one specimen came 
from the Khirthar of Sind, and its appearance is against its being really found in place. 

Alex. Agassiz notices these species of d'Archiac and Haimein his 'Revision of 
the Echini,' and came to the same conclusion which we adopt from the consideration 
of the data before him in 1872-1874. lie writes (p. 2S0): — " D'Archiac and Ilaime 
have figured from the Nummulitic formation of India a number of species which are 
usually referred either to Teuuiopleurus or to Opechinus, which belong to this same 
genus Temnevhinus." We agree with this opinion after an examination of a great many 
specimens ; and of course the only error in the statement is due to the mistake of 
d'Archiac and Haime in placing the forms in the Nummulitic series. 
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A great number of small Clypeasters with hollow actinal surfaces, and recalling 
Clypemter scutiformis in the general shape, but differing from that modern type, are 
found in the Miocene of Kachh. Sowerby named and delineated them in Grant's 
work on Kachh, and they appear to be very common. Larger forms also exist ; but still 
none of those are found which are so remarkable in their shape and dimensions and 
which characterize more westerly Tcrtiarics. 

Clypeaster Waayeni and C. Goirensis are rather closely allied ; both have thin 
depressed tests more or less pentagonal in outline, and the relation of the length 
to the breadth is close, being in the former 1 to 0 82, and latter I to 0 88. 

Clypeaster Goirensis is broadest in front, has relatively smaller petals, but they are 
decidedly broader than those of C. Wangeni, and this is especially noticed in the postero- 
lateral petals. The very ojH-n nature of the distal extremity of the petals is as decided 
as in the Oligoccne species of Kachh ; and there is the same disposition on the part of 
the last pores of the poriferous zones to open still wider. 

The rarity of fossil forms of Echi nodi setts renders the species from Kachh 
interesting. It is a true Echinodiscus, departing in no way from the generic type ; the 
internal pillars are in existence, and the ambulacral grooves have a raised ridge in their 
long axis close to the peristome, which is penetrated at the free nodular end by 
two pores. It is closely allied to an Egyptian Miocene form which Fuchs has placed 
under Amphiope, a genus no longer recognized. 

The Echinolampads from the Miocene of Kachh arc numerous in individuals, and 
there are four species — two of them being new ; and the others are Echinolampas 
sphtrroidalis, d'Archiac, and E. Jarquemonti, d'Archiac, which were said to come from 
the Nummulitic series. They do not, however; but characterize the Miocene series. 
The other forms recall the recent species, but differ nevertheless specifically from any 
living form!?. 

The Spatangida: are important in the Kachh Miocene fauna. Euspatangus 
patellars, d'Archiac, is found in great beauty, the ornamentation being remarkably 
preserved. It is not a Nummulitic form, and closely resembles Maretia, but it has a 
fasciole. The nnterior odd ambulacrum has exceedingly minute pores placed in pairs at 
the bottom of small spaces surrounded by a beautiful granulation ; and the actinal 
plastron is very broad. 

The curious genus Moirn has a well-marked species in the Miocene of Sind ; and 
a caref ul examination of the morphology shows that it is a very synthetic type, having 
some of the characters of both of the living species, — Moirn stygia from the Red Sea. 
and M. atropos from the Caribbean Sea. 

The species drawn by us on Plate VII, figs. 9-12, is certainly not a lirissopsis. It 
is a Spatangoid with sunken open ambulacra, a pcripetalous fasciole which passes 
between large sunken tubercles situated in the anterior and lateral, but not in the pos- 
terior, interradia, and a well-marked subanal fasciole. The test is tumid above and 
below. Neither can this bpecies come within the genus Brissopatagw, which has no 
subanal fasciole, although its pcripetalous fasciole lies between large sunken tubercles. 
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i)c Loriol, with his usual perspicacity and able discrimination, classified an 
anomalous form from the neighbourhood of Thebes as Euspatangus*. Now his 
Euspatangtu Cotteaui has the paired ambulacra lodged in deepish grooves. The petals, 
however, are those of the genus ; and the pcripetalous fasciole does not enter the area 
between the ambulacra ; moreover the form is depressed. 

We cannot admit the form now under consideration within Euspataugus, and it 
must be included in a genus of Spatangoids which, with great affinities to Empatangva. 
Maretia, and Brisxopatagiis, is still as distinct as they are. 

This new genus Troschelia contains Spatangoids more or less cordiform, tall and 
tumid. The anterior ambulacrum is in a groove which notches the ambitus; the 
other ambulacra arc in deep grooves, the antero-lateral very divergent. Large tubercles 
in sunken scrobicules on the anterior and lateral interradia only. Peripetalous fasciole 
separating tubercles and entering the area between the lateral petals. Subanal fasciole 
large and well developed. 

The Sreynia is a fine form ; and the condition of preservation of the specimen 
allows the internal fasciole to bo seen perfectly. It passes much more in front than 
was drawn by MM. d' Arch iac and Hai me. Moreover it is clear that the inner pores of 
the anterior poriferous zone of the antero-laterul ambulacra are distinct but small ; 
they do not abort as is the case in the recent species. The number of large tubercles 
in the areas constitutes a remarkable feature. The species is not found in the Xum- 
mulitic as stated by MM. d'Archiac and II at me. 

The only Schizaster from Kachh which was sent by the Geological Survey is 
remarkable for its great beauty of ornamentation, the outward turn of the narrow 
pointed anterior petals, the rather depressed shape, the swollen condition anteriorly, 
and the narrow pointed hinder end. It came from an unknown locality ; and this is 
to be regretted, for although the form is clearly of Miocene age in Kattywar, it is 
found in the Nari series of Sind, part of which at least is Oligoccne. 

The Miocene fauna of Echinoidea is especially characterized by the genera 
Calopfeurna, Temnechinus, Clypeaster, Echinodiscus, Evhinolampas, Breyn 'm, and Moira. 
There are no species," however, which so closely approach recent forms as to be difficult 
of discrimination. No less than six species which have hitherto been termed Nummu- 
litic, and which were described by d'Archiac and liaime, now evidently belong to 
the Miocene of India and not to a lower horizon. 

This Miocene horizon is not a high one, and is the equivalent of the (iaj deposits 
of Sind. It is not covered by Pliocene marine deposits ; but there arc Pliocene deposits 
with an Echinoidean fauna which constitute the Makran series of Ras Malan in 
Baluchistan and of Bushir &c. in the Persian (iulf. The Echinoidea of these Tertiary 
deposits differ. 

The alliance of the Miocene fauna of Kachh with that of Europe is only generic, 
but the facies is remarkably persistent in the east and west. 

• Op. dt. p. 140 (84). 
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VIII. Description qf the Fossil Echinoidea from the Tertiaries of Kattywar. 

(MlOCENK.) 

Order ECHINOIDEA ENDOCYCLICA. 

Family CIDARID/E. 
Genus CIDARIS, Klein, 1734. 

1. Cidaris dkpressa, Duncan £ Sladen. Plate XIII, Figs. 1-3. 

The test is very depressed and broad, the peristome is small, and the ambulacra 
sinuous and broad. 

The poriferous zone is much broader than the interporiferous area ; the pores are 
separated by a raised ridge, but the pairs have only the sutural line between them. A 
vertical row of small secondaries is on each side in the interporiferous area, just beyond 
the poriferous zone. A minute tubercle is also found close to each one of the vertical 
series. There is thus a large and small tubercle to each plate. The interradial plates 
arc broader than long ; the tubercle occupies much of the surface, and is nearer the 
poriferous edge than the median line ; the boss is low, with a depressed small-necked 
mamelon. There is no crenulation, but the mamelon is perforate. There is a row of 
well separated small secondaries around the scrobicular area, and two rows of smaller 
ones nearer the median line. Actinally and abactinally there is only the solitary row, 
which is sometimes incomplete; and a row of very j.niall tubercles is between those of 
the scrobicular circle and the poriferous zone. 

Locality. Kattywar Miocene. Three miles east by north of Gaga, and south-east of 
Gurgat. Survey-number . 

Illustrations of the Sjiecies in Plate XIII. 

Fig. 1. The test : natural size. 

2. Two ambulacral plates : magnified. 

3. Diagram of a section of an ambulacral plate. 

2. Cidaius oraxui.ata, Duncan & Sladen. Plate XIII, Figs. 4-6. 

The test is broad and depressed. The ambulacra, moderately wavy, are broad, 
especially in the interporiferous area ; the pores are separated by a raised ridge, and 
there is a raised narrow linear ridge between the pairs. A small tubercle is close to 
the inner pore, and towards the median line there are two others, the inner being the 
smallest. There are thus six vertical rows of tubercles in the interporiferous area. 
There are ten pairs of pores in relation to one side of an interradial coronal plate. The 
larger interradial plates are broader than long, well defined by the sutures ; and the large 
and broader than long boss occupies the greater part of the plate, and is placed rather 
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on the outer half, so that there is more space towards the median line beyond it than 
near the poriferous zone. The boss slopes upwards with a slightly re-entering outline 
from the base to the broad top. This is grooved around the neck of the rather small 
depressed mamelon, and is faintly crenulated on one side in most instances. The ma- 
melon is perforated. At the edge of the scrobicular circle are some radiating depressions, 
shallow and broad, and they end in a radial row of about three granules, which are 
between the principal secondaries of the circle. These secondaries are small, rather wide 
apai t,largest on the equatorial parts of the plate, and smallest abactinally and actinnlly ; 
they have a mamelon, which is elongate, its long axis being towards the boss. 

Actually and abactinally each plate has a single row of these secondaries, separated 
by the intervening rows of granules. 

Towards the median line there is a row of smaller tubercles alternating with the 
larger, and still further there are two other rows of smaller and distant tubercles, the 
last being almost miliary in size. Between the scrobicular circle of tubercles and the 
poriferous zone there is one row of smaller secondaries and some granules. 

Locality. Kattywar Miocene. Three miles east by north of Gaga, and south-east 

of Gurgat. Survey-number 

Illustrations of the Species in Plate XI 11. 

Fig. 4. The test : natural size. 

5. The ambulacrum, in part : magnified. 

6. A coronal interradial plate : magnified. 

Family ARBACIADM. 
Genus OELOPLEUltUS, Ayassiz, 1840. 

L CffiLOPtEURua Forbbsi, d'Archiac & Haime. 

This species has been already noticed in the description of the Miocene Echinoidea 
of Kachh, page 53. 

Family GLYPHOSTOMATA. 

A very remarkable form occurs in the Miocene of Kattywar; although iU 
sbapc and structural details are exceedingly suggestive of several well-known genera, 
it cannot enter any one of them. At first sight the resemblance of the Kattywar 
specimen to the actinal surface of Micropsia Fraasii, de I^oriol (' Echinides contcnus 
dans les couches Nummulitiques de l'Egyptc,' plate 1, tig. 17), is extraordinary ; but 
in the later form from Kattywar the tubercles are neither crenulated nor perforate, and 
the pores are decidedly in triplets. It reminds the observer of the genus Polycyphus; 
but the multiplication of the pores around the peristome seen in this genus does not 
exist in the new form, whose pcristomial lips are not very narrow. There is a resemblance 
to species of Stomecliinus, especially in some points to Stomechinus Greslyi and S. Miche- 
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lini (de Loriol, Pal. Suisse: * Dcscr. dcs Oursins fossiles de la Suisse'). But here, 
again, the sharp projecting ambulacral lip is not seen in the Miocene form. 

There is a furrowing of the horizontal suture-edges of the interradial plates, which 
recalls the Temnopleuridre, but no pits or deep furrows are to be seen ; and the like 
ness is increased by the nature of the triplets, which resemble those of Salmacia. We 
include the form in a new genus. 

Subfamily TRIPLFXUIINrDJ!, A. A.jauiz. 

Genua GRAMMEOHIN US *, gen. nov. 

The test is thin, rather depressed, swollen at the ambitus, flat or incurved actinally, 
low and conical abactinally. Marginal outline slightly pentagonal or nearly circular. 
Ambulacra with pairs of pores in regular triplets from apex to peristome ; plates with 
from one to three tubercles on them. Interambulaeral plates broad and low, carrying 
from one to eight tubercles, the number diminishing towards the apex. Tubercles of 
both series neither perforate nor crenulate, small ; secondaries in lines above and below 
the primaries, forming ridges, with the depressed horizontal sutural line between the 
two series. Vertical ridges of small tubercles, more or less linear in shape, may be in 
relation with the largest tubercles. Actinostome moderately large, rather pentagonal ; 
cut* moderately developed; ends of ambulacra moderately wide. (Apical system 
wanting.) 

1. Grammixiilms imurtAKis, Duncan dt Sladen. Plate XIII, Tigs. 7, 8. 

The test is circular or slightly pentagonal in marginal outline, tumid at the ambitus, 
conical and rather depressed abactinally, slightly incurved actinally around the rather 
large peristome, which is rather pentagonal in outline. The ambulacra arc broad, and 
at the ambitus are one half the breadth of the interradium ; more abactinally the 
ambulacrum is two thirds the width of the intcrambulacra, and nearer the peristome the 
relative breadth becomes rapidly less. The ambulacral plates are tall in relation to 
their breadth near the peristome, and carry at first one and then, more abactinally, two 
tubercles. At the point of greatest breadth the plates are broader iu relation to height 
and carry three tubercles. Each plate has three pairs of pores, forming a curved line. 
The pores are large and separated by a projection ; and the pairs, also well separated, 
have a granular, or plainly linear, raised structure between them. Immediately 
actinally to the second pair of the triplets is a small tubercle, and there is a smaller one 
on a line with and externally to the first pair. The tubercles of the ambulacra are broad 
at their base and have a distinct mamelon, which is neither perforate nor crenulate. 
The tubercle nearest the pores is the largest, and is crossed by the sutural lines of the 
poriferous plates. The remaining tubercles are larger than those immediately beyond 
the line of pores, and all have a mamelon. 

• ypawt. u lino. 
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A small tuberculation is above and below the larger tuberclps on the plates ; 
it is distinct, unequal, and in lines parallel with the abactinal and actinal sutures, which 
arc grooved, as it were, by the lines of raised ornamentation becoming abrupt over them. 
There is often a very small tubercle between the larger innermost two on the plate ; 
and near the actinal surface, where there arc only two tubercles, a line of small 
tubercles is parallel with the median suture. This tuberculation, surrounding the 
larger tubercles on three sides, is unequal. 

The interradial plates are very broad in relation to their vertical measurement, and 
are all characterized by having a row of tubercles along the central line of the breadth, 
increasing in number from three near the cuts to seven or eight at the ambitus. The 
tubercles have circular bases standing above the level of the plate, supporting smaller 
conical bosses, and well-developed, nearly hemispherical mamelons, which are imperforate. 
There is no crenulation. The fourth tubercle from the nmbulacral side is the largest, 
and the three nearest the median line are the furthest apart. 

The actinal and abactinal sutures are grooved, and there is a raised minute orna- 
mentation on the plate immediately above and below the grooving. This ornamenta- 
tion is of one, two, or three rows, in different parts, of small tubercles, some circular 
and others elongate vertically in outline. The tubercles, of different sizes as well as of 
shapes, project ; and some in relation to the largest tubercle, and those on either side of 
it, assume quite a vertical linear form, most readily seen when the light crosses the ver- 
tical line of the plate at right angles. Actinally, and where the number of the tubercles 
is less, there is often some deviation from the horizontal line so well kept at the ambitus : 
moreover there arc small tubercles along the line of the median suture, which presents 
a feeble furrow. 

It is evident that the furrowing of all the sutures is produced by the ornamen- 
tation, which is highest close to them, and slopes inwards towards the centre of the 
plate. 

The peristomial cuts arc well developed, have a raised border, and enter well into 
the second interradial plate. 

Measurement from peristome to extreme bulge 17 millim. ; breadth of the peri- 
stome 14 millim. ; extreme breadth of test 48 millim. ; probable height 40 millim. 

Locality. Kattywar Miocene. Half a mile cast of Lowarali, Oka Mandol. Survey- 
number *J a '. 

Illustrations of the Species in. Plate XIIL 

Fig. 7. The imbedded test : natural size. 

8. Ambulacral aud interradial plates : magnified. 

Subfamily TEMSOPLEURIDsE, Dttor. 

This subfamily is largely represented in species and individuals in the Miocene of 
Kattjwar. The genus is, however, Temnechinus, Forbes, = Temnopleurus, d'Archiac; 
and in only two specimens have we found crenulation, and then in one or two tubercles 
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only. These we have figured on Plate XIII, Figs. 15 & 10 ; and it will be noticed that 
it is the largest tubercles which are crenulated. We do not therefore feel disposed to 
depart from our determination that these forms arc true Temnechini. 

It is satisfactory to find a resting-place in classification as well as in geological dis- 
tribution for the so-called Nummulitic Tcmnopleurids of MM. d'Archiac and llaime. 
Without exception, all the species which we can recognize as good for anything, viz. 
Temnechinm Rousseaui, T. costatus, and T. tulerculosus of d'Archiac and Haiinc, 
come from Miocene strata. 

Genus TEMNECHINUS, Forbes, 1852. 
1. Tkmnechinus costatis, d'Archiac, sp. Plate XIII, Figs. 9, 10. 

This species, with shorter costulate processes in the ambulacra than is the case in 
Temnerhinus affinis, nobis, has taller ornamented interambulacral plates, which do not 
cross their area as narrow binds, but break up along the median line into short 
processes, which join the other plate obliquely, and have fossettes above and below them. 
Hence there is a kind of close confused scries of fossettes and processes in the median 
line. The true shape of the species is tall and tumid, diminishing apically and 
towards the ambitus. 

Locality. Kattywar Miocene. Three miles east by north of Gaga. Survey- 
number " '• 



The type was described by d'Archiac and Haime {op. cit. p. 204, plate xiii, 
figs. 9, a. b), and they lay great stress upon the two vertical series of large tubercles in 
both series being on a subcostiform projection. This is not invariable. Again, they 
notice with greater truth the small fossettes of the interambulacral median line, which 
are represented in our Figure 10, Plate XIII. 

2. Temnkciiinvs Rousseaui, d'Archiac, sp. Plate XIII, Figs. 13, 14, 15. 

Several specimens of this species are in the Kattywar collection, but one is almost 
a variety. It is tall, and the fossettes are very large and deep ; but the interambulacral 
plates are low from above downwards in their ornamentation, and the ambulacral 
ornamentation resembles that of our figure, Plato XIII, Fig. 10, but with larger 
fossettes. 

locality. Kattywar Miocene. Three miles east by north of Gaga and south-east of 
Gurgat. Survey-number "J. 



Illustrations of the Species in Plate XIII. 

Fig. 9. The test : natural size. 
10. A portion : magnified. 



Illustration of the Speda in Plate XIII. 
Fig. 13. Diagram of a section: natural size. 
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From the same locality are some specimens of more depressed types of this species, 
and their breadth is unusual. It appears to be produced by an extra breadth of the 
interambulacral plates at the ambitus, and there is an extra small tubercle to the orna- 
mental part of the plate, and usually a corresponding vertical ridge ; but higher up in 
the test the plates resemble those of the normal type. 

It is evident that some, but not all, of the tubercles are crenulated. 

Illustrations of the Species in Plate XIII. 

Fig. 14. The test: natural size. 

15. A plate near the ambitus: magnified. 

We restrict this form within the limits of Temnechinus, and do not see the neces- 
sity of admitting the genus Opechinus, Desor. 

3. Tkm.nkciiixus tubekcvlosus, d'Archiac d' Haime, sp. Flate XIII, Figs. 16, 17. 

This species was well described in • Les Animaux fossiles de lTnde,' p. 206, and 
figured ; but the specimen we have is not much crushed, and it is clear that the shape 
of the test is turban-shaped, swollen at the margin and above it, and theu tapering off 
to a rather flat top. It is not pentagonal. 

The specific distinction is the presence of vertical processes which divide the ambu- 
lacral fossettes into two. The interambulacral plates resemble those of the large plates 
of the largest Temnechinus liousscani, d'Archiac, sp. (See our Plate XIII, Fig. 15.) 

Another distinction is the tumid body of the generative plates and their angular 
extremity, which is perforated by a large pore. It is clear that some, but not all, of 
the tubercles are excessively finely crenulate, as is the case in the exceptional plate of 
the Temnechinus, fig. 15. 

Height 12 5 millim., breadth 19 5 millim. 

Locality. Kattywar Miocene. Three miles east by north of Gaga and south- 
east of Gurgat. Survey-number 

nimtratiom of the Sj*cies in Plate XIII. 
Fig. 10. Part of an interambulacrum and ambulacrum: magnified. 
17. Diagrammatic section: natural size. 

A new species must be added to this list from Kattywar ; and as it allies Tem- 
nechinus costatus, d'Archiac, to Temnechinus tuberculoma, d'Archiac, we have called it 
Temnechinus affinis. It has slender oblique ridges, with large open fossettes in the 
ambulacra, and the slender oblique costulation of the interradial plates is united by 
vertical processes. In T. costatus the ambulacral ridges arc stouter, and they are 
stouter still in T. tuberculosa : in the first the fossettes are large and open, and in the 
latter they are small and crossed by a vertical process. 
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In T. contains the interradia closely resemble those of T. tubtrculosus. The true 
shape of T. costaius is high, that of T. tulercttlo&us is broader and more depressed, and 
that of T. affinis, nobis, is still more depressed. 

4. Temnechincs apfikis, Dvncan & Sladen. Plate XIII, Figs. 11, 12. 

■ 

The test is turban-shaped, broader than high, rather flat actinally, tumid at the am- 
bitus, and less so in the more conical upper part, and depressed abuctinally. Test symme- 
trical ; peristome very small, and cuts small. Apical system small. At the ambitus the 
width of an ambulacrum is very nearly equal to that of an interradium. Poriferous zone 
broad, slightly sunken : pairs of pores in triplets, but in simple succession ; each pair is 
placed on the lower slope of a narrow costulnte process ; the upper pair of each triplet has 
its costulate process continuous with the ambulacral plate, on which is a small tubercle, 
aud the other two arc in relation with the small primary tubercle, which is on the two 
lower plates in the interporiferous area. There is a vertical row of small primary 
tubercles on each side of the interporiferous area near the poriferous zone. Each of 
these small primaries is connected with the smaller tubercle above the primary in the 
lower plate by a narrow process. Rib-like processes cross the interporiferous space 
from the small primaries and smaller tubercles of one vertical series to the other ; their 
direction is oblique and in zigzag, and they are narrow from above dowuwnrds, granular 
or minutely tuberculated, and usually the largest of their tubercles is near the primary 
whence they originate. This raised ribbing produces broad and rather low (that is, 
vertically) fossettes, and their shape is that of a broad straight comma. There is a 
vertical row of these fossettes on either side of the median line of the ambulacrum. In 
the interambulacra there are two vertical rows of small primaries, which are slightly 
larger than those of the ambulacra : they are nearer the poriferous zone than the 
median line, are wide apart at the ambulacrum, and the raised surface on which each 
tubercle of a series rests is connected with that of the tubercle above and below by a 
constricted process. 

Long and rather narrow zigzag ribs pass from near the primaries across the median 
line to those of the adjoining plates, and smaller costa? join on to those of the poriferous 
zone on the other side of the primary tubercle. Small vertical costulate processes pass 
from the actinal edge of one zigzag to the abactinal edge of the one below, and thug 
interfere with the continuity of the very long transverse fossettes. Usually there are 
two of these processes in eacli fossette between the two rows of primaries, and there is 
one on the other side of the primary and between it and the poriferous zone in a 
well-marked fossette there. So that, including the large vertical processes between the 
tubercles of each vertical series, there are eight vertical raised lines, more or less costulate 
and ornamented, in each interradium. Nearer the abactinal surface the breadth of the 
fossettes diminishes, and one of the smaller verticnl series is not seen ; and quite close 
to the apex there is only the main vertical series of each side, which connects the 
primaries above with the one placed actinally to it. The result of the presence of 



OF KACHH AND KATTYWAR. 



«7 



these vertical processes is to subdivide the fossettes into several others. On either 
side, and actinally to the primary and its process, is a well-marked small fossette. 
usually more or less oval or elliptical in outline and taller than broad. Nearer tho 
median line is another fossette of nearly the same size and shape ; and still nearer the 
angle of the diverging costa; is a more or less concave-shaped one. Even this may be 
subdivided. On the poriferous side of the primary, and between the extremity of the 
second and third pairs and the vertical costulate process which exists between the 
ambulacrum and the vertical line of the primaries, is a fossette ; it is broad towards the 
primary and narrow towards the pores. Hence there are two fossettes between the 
primary and the poriferous zone, and three or four fossettes in a row between the 
transverse oblique or zigzag ribs which stretch across the interambulacral areas. 
Abactinally the number of fossettes diminishes and actinally also. 

The minor ornamentation of the plates on either side of the primaries and of the 
ribs is very elegant, and consists of small mammillated tubercles and distinct miliaries. 
Usually there is a small tubercle second to the primary in size on either side of it, and 
beyond that which is in relation to the arch of miliaries abactinal to the primary. 
Tubercles may be on either side of the root of the vertical processes or upon it. The 
tubercles are imperforate and non-crenulate. 

Locality. Kattywar Miocene series. Three miles east by north of Gaga and 
south-east of Gurgat. Survey-number -5^. 

Illustrations of the Species in Plate XIII. 

Fig. 1 1 . The test, side view : natural size. 

12. Part of an ambulacrum and interradium : magnified. 

Order ECHINOIDEA EXOCYCLICA. 

Family SPAT A NO IDAS. 
Subpimil,, SPA TAXGIS.E. 

Genus EUSPATANG US, Agassiz, 1847. 
Bupatagiu, Ayauix, 1847. 

1. EuSPATAJfGlS J'.VTELLARIS, d'Ai r/uac. 

This species is found in Kattywar ; and our specimens show the fasciole very dis- 
tinctly, externally to the posterior ambulacra. It crosses the posterior intcrradiuni 
considerably in the rear of the line of the distal end of the ambulacra. 

The anterior poriferous zone of the antero-lateral ambulacra has its pores visible. 
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but very small near the apical system. The pores of the odd ambulacrum are also 
visible. 

Locality. Kattywar Miocene. Three miles east by north of Gtiga, and southeast 
of Gurgat. Survey-number "J, 

Genus SCHIZ ASTER, Agassiz, 1836. 
1. ScniZAsrKR Granti, nobis. 

This is the commonest fossil in the collection from Kattywar, and some of the 
specimens arc larger than the type from Kachh (page 70). The specific characters 
are, however, well maintained ; and it is noticed that even in the largest specimens 
the keel on the posterior intcrradium is low, and that it Blopes backwards and down- 
wards to the point which overhangs the periproct. The anterior groove is broad and 
deep abactinally, and is shallower and less evident in front of the curved fasciole. 

The anterior ambulacra! pores arc separated by a nodule, and they are on the flanks 
of the groove. The pairs of pores have a more or less definite swelling like an indefinite 
costa between them; and the floor and sides of the groove arc very granular, the larger 
tubercles being near the top of the keel on either side. 

The antero-lateral ambulacra flare outwards, are in deepish grooves, and become 
more or less pointed distally. The obliquity of the pores is not so evident as in the 
Kachh species, but the granulation of the costa; is evident. 




The apienl iy«tem, magnified. 



The apical system has four generative plates and four pores ; the anterior plate 8 
are rather long in the antero-posterior direction, and include the small anterior ocular 
plate in their angle. The posterior lateral plates are large ; their pores are larger than 
the others and wider apart. The ocular plates are in the angles of the plates and arc 
well developed ; the posterior pair are separated by the madreporic extension. 

The whole apical system is small ; the anterior genital pores are on the anterior 
keels, and the others on the narrow keel of the lateral ambulacra, which is sparely 
tubcrculato. 

The posterior ambulacra are stout, sharp at the end, shallow, and there are about 
17-19 pairs of pores. 
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The pcripetalous fasciole resembles that of the type, tad is very distinct ; it is 
narrow where it pusses over the keel, behind the posterior ambulacra. The subanal 
branch passes rather close beneath the oval elliptical anus, which is considerably 
sunken in consequence of the projection of the keel backwards and of the similar 
direction of the termination of the actinal plastron. The anus is visible from the 
actinal surface. 

Finally, the projecting actinal plastron, bounded by the peculiarly granulated 
shaguened posterior ambulacra, is as definite as in the type. The posterior lip has a 
very decided fold in well-preserved specimens. 

Lomliti). Kattywar Miocene. Three miles east by north of Ciaga, and south-east of 
Gurgnt. Survey-number "'. 




The fuciohs on the posterior part of the te»t. The ornamentation of the pl<i*tron. 



Genu.* BRISSOPSIS, A'jassiz, 1840. 

1. BRissorsis, sp. ! 

A much crushed specimen of an Echinoderm is in the collection from Kattywar; 
and its generic determination is so full of difficulties that we place it with some doubt 
under the genus Brissujisis : it is not Brissopsis tcutiforoas, d'Archiac & Haime', 
which is a Metalia of the Xummulitic of Sind. 

In the specimen under consideration the posterior petals are close, especially near 
the apex, and their curve is concave forwards and outwards ; they are petaloid, very 
widely displayed and shallow, closed at the end, with exceedingly narrow intei poriferous 
and broad poriferous zones, the pores of each pair being very far apart. 

The anterolateral ambulacra are wide apart, but not nearly transverse, are shorter 
than the posterior, and are in deep grooves, the pores being on the flunks. The inter- 
poriferous area is rather broader than that of the posterior ambulacra, and yet not so 
wide as the space between the pores of a pair. All the pairs are separated by well- 
developed costte. The odd ambulacrum is in a deep groove, and the pores are small 
and wide apart ; the groove notches the margin. There are traces of a fasciole 

• Of. cii. plate iv. figs. .1 .1 and 3 4. 
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surrounding the petals and crossing the broad keel behind. The test is longer than 
broad, highest behind at the truncation, on which is the periproct. 

Actinally the plastron is tumid and projects ; but all other details are wanting. 

It is evident, however, that the pores near the apex of the posterior poriferous 
zone of the posterior ambulacra are atrophied from about the 18th, counting from the 
outer ends, to the 26th ; moreover the pores of this zone are smaller than those of its 
fellow before decided atrophy commences. 

Locality. Two miles north of Visawara, above Porbandar. Survey-number ? . 



There are, moreover, some fractured specimens of a Cfypeaster in the collection, and 
the species may be C. depresaus, Sowerby. 

A very much worn and crushed specimen resembles somewhat a Breynia. 

IX. Remarks on the Sjtecies of Fossil Echinoidea from Kattywar. (Miocene.) 

There is nothing very striking about the two species of Cidaris, but they are 
distinct from those of Kachh. Cidaris granulata is interesting on account of its 
elaborate minute granulation between the secondaries around the scrobicule, and 
for the partial crenulation. None of the subgenera of Cidaris are represented in the 
collection. 

Calopleiirus Forbesi is a well-marked form, and is the Miocene Caelopleurus par 
excellence of the Tertiaries of Western India. It is found in Kachh, Kattywar, 
and largely in the Gaj series of Sind. A careful examination of the species, which 
was originally determined by d'Archiac and llaimc from one very indifferent specimen, 
will be given in the description of the Fossil Echinoidea of Western Sind, Gaj series. 
There are three well-marked species of the genus in the Tertiaries of India — Cceloplettru.s 
equis, Agass., from the Oligocene, C. Pratti, dArchiac, from the Oligocene, and 
C. Forbesi, d'Archiac, from the Miocene. 

The new genus Grammechinus is found also in the Gaj series of Western Sind, but 
not in Kachh. It is an interesting species, for the grooved horizontal sutures, the 
number of tubercles imperforate and non-crenulale, the triple arrangement of the pores, 
and the defined cuts seem to recall several genera. 

The beautiful Temnopleurids of Kattywar are a strong feature in its fauna, and 
there are four species of Temmchinus=Temnopleurus, d'Archiac. Three of d'Archiac 
und Haime's species are found in Kattywar, viz. T. costatus, T. tuberculosa, and T. 
Rousseau i. The new species T. affinis, nobis, is an exquisite form, and its ornamenta- 
tion is very elaborate. This area appears to be the metropolis of the species, but none 
of the Aracbuiopleuri or Didyopleuri have been found there. It is remarkable that a 
true Temuophurus or Salmacis should not be found, especially as species of these genera 
are common off the coast. 
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The absence of Eckinolampince from the collection is remarkable. Euspatangus 
pateUaris, d'Archiac, is found in Kattywar as well as in the Kachh Miocene. 

The commonest fossil in Kattywar is Schizaster Granti, nobis, which had no 
satisfactory geological horizon given to it in Kachh. Schizaster Granti, nobis, is a 
beautiful form, with sharp-pointed antero-lateral petals flaring outwards and a low keel 
on the posterior interradium ; it has a transverse concavity posteriorly, so that the test 
above the periproct projects backwards and the hinder part of the plastron also. The 
periproct is visible from the actinal view, although it is high up posteriorly. The 
granular ornamentation of the postero-lateral ambulacra on cither side of the actinal 
plastron is very characteristic. The species is very distinct, and yet it has been 
mistaken for Schizaster Baluchistanensis. It is the common Schizaster of the Miocene 
of Western India. 



APPENDIX. 



The following species was accidentally omitted from the Nummulitic fauna of 
Kachh. It is interesting on account of its alliance with a Sindian Nummulitic form. 

Genus SISMONDIA, Uesor, 1857. 
1. Sismoxdia polymorph.*, var. 81'fflata, Jhtncan <£ Sladen. 

This form constitutes a well-marked variety of a species wc arc about to describe 
from the Khirthar Beries of strata in Siud. It is characterized by a generally much 
smaller habit, by a comparatively thicker margin, and especially by the low, but 
decided, convexity of the abactinal surface. The same great variability in the marginal 
contour is noticed, although the more elongate and less angular forms appear to prevail. 
The characteristic tumidity of the postero-lateral petals is also present. The petals 
terminate at a greater distance from the margin than in the type form, and are very 
short for the genus. 

The length of one of the largest specimens is 7 5 millim., and the breadth 6 5 
millim. 

Locality. From the Nummulitic Beries of strata of Kachh. Three or four miles 
north-north-east of l'ipur. Survey-number C 033. 
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Figure I. EcaiNOLlKFM ai.ta, Duncan and Sladcn (page 1!)). Side view, natural size. 

2. Actiiitil view, natural size. 

3. Apical system, magnified twice. 

4. Peristoiue, magnified. 



C. Ornamentation of an ambulacrum, magnified. 

7. Variety (page 22). Aetinal surface, natural site. 

8. BoanrauiirM hnoun, Duncan and Sladcn (page 2.3). Side view, natural use. 

9. Abactiuai view, natural *ixc. 

10. Ambuliierum, part of, magnified. 

11. A postero- lateral ambulacrum, magnified. 
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PLATE II. 
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Figure 1. Ecu i sola mi- a* Kacuensis, Duncan and Sladen (page 25). The teat seen from the 
side, natural size. . 

2. Abaci innl view, uutunil size. 

3. Actinnl view, natural size. 

4. The end of an ambulacrum, magnified. 

5. Ecu i kola m pas, secies (page 50). Abactinal view, natural size. {Oligoctne 

Series.) 

fi. E< n i nola m pas Uaivei, Duncan and Sladen (page 2(5). Abactinal view, natural 
sire. 

7. Actinal view, natural size. 

8. Part of phyllode, magnified. 

». EcniMotAMPAs Damesi, Duncan and Sladen (page 27). Abactinal view, natural 
aizc. 

10. Ornamentation, magnified. 



PLATE III. 



[Xumnnilifie Seriex.) 

Figure 1. Echinommp.vn Damesi, Duncan and Slailen i pa-re 27). Actinal surface. 

2. Eciiinolampas Eeddkni, Duncan ami Sladen (page 23). Actinal view. 

3. Kchinoi-ampas insionis, Duncan and Sladen (page 2D). Abactinal view. 
i. A »ide view. 

5. Actinal view. 

6. Part of an ambulacrum, magnified. 

7. EcuixoLAMt-As, up. (page 32). 
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PLATE IV. 



{Xummu/itic Senet.) 



Figure 1. Amblypvui-s alyts, Duncan and Sladcn (page 16). A large specimen, side view, 
natural size. 

2. The MM; atwictinal view, natural size. 

3. The same, netinu) view, natural *ir.c. 

4. Amblvfvows p«xt*ooxai.ib, Duncan and Sladcn {page IK). The teat, side view, 

natural »ize. 

5. Aliactiual view of the same, natural size. 

0. Peri*ti>iuial region of a specimen, natural aixe. 

7. Marginal ornamentation, magnified. 

8. Ornamentation near the apex, seen obliquely, magnified. 

9. Poriferous zoue and iutcrporiferous area, magnified. 

10. Poriferous zone and [Kirt of intcrponferoiw area of an ambulacrum near the margin, 

magnified. 

11. The apical system, magnified. 
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PLATE V. 



(Nummulilic Sert*.) 

Figure 1. I'ekipnki'ste* i.nsionis, Duncan and Sladen (page 42). The teat, side view. 
2. Abactinal view. 
■i. Apical system, magnified. 

1. A part of a posterior ambulacrum and fasciole, magnified.' 

5. ScHutASTER Balpchistanensis, variety (page 38). Abartinal view. 

0. Side view. 

7. Actinal view. 

8. Apical system and ambulacra, magnified. 

9. Large specimen (page 41), with the posterior keel worn off. 
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PLATE VI. 



Kigure I. IIkmiastkk, up. (page .'?,">). 

2. Actiual ornamentation, magnified. 

•J. IIfmhstfr nrriPiENs, Duncan and Bladen Ipage 31). Abactinal riew. 
t. Distal rnd of antero-lateral am •ulacrum, magnified. 
5. Part of anterior odd ambulacrum, magnified. 

fi. Ckymimi ftHMCTOS, Duncan and S laden (page 11). Abactinal surface. 

7. Its ornamentation, magnified. 

8. Si UI7.ASTEK CiHANri, Duncan and Sladen (page 70). Abaetiual view. 
I). Actinal view. 

10. Anterior ambulacral pore*, magnified. 

11. End of antero- lateral ambulacrum and faseiole, maguitied. 

12. Tubercle*, magnified. 
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PLATE VII. 



(Oligoceue and Afwrene firrks.) 

Figure 1. KusrAiANuus ko»thati>, d'Arckiac and Hainie (page 47). Ahactinnl view. 

2. Actinal view. 

3. Posterior view. 

■I. The apical system, magnified. 

5. A large tubercle, magnified. 

6. Part of a poriferous zone, magnified. 

7. A linear longitudinal section. 

8. A lew excised variety. 

9. Tboschelu tcbekci-lata, Duncan and Sladen {page 67). Aliactinal view. 

10. Actinal view. 

11. Ornamentation of odd ambulacrum, magnified. 

12. A tubercle, magnified. 
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PLATE VIII. 



{Miocene &tnes.) 

Figure 1. Moika antich' a . Duncan and Sladeu (page 64). The test, side view. 

2. Posterior view, natural size. 

3. Abactinal view, natural size. 

4. Abactinal view, natural size. 

5. Actinal view. 

G. Actinal outline of a email specimen. 

7. Cidabis H AL.iE.Nsi8, d'Archiac and Hairae (page 51). Part of the test, natural 

8. Part of an ambulacrum, magnified. 

9. GtiNiociDAiu* ArriNis, Duncan and Sladcn (page 52) . Part of the test, natural 
10) 

to Spines, natural size, of unknown species (page 53). 
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PLATE IX. 
{Miocene Seriet.) 

Figure 1. £cniNOLAMPA9 Indica, Duncan and Sladcn (page 01). Abaotinal view. 

2. Side view. 

3. Actinal view. 

8. A variety. 

9. A variety. 

4. A specimen with narrower petal*. Side view. 

5. Abactinol view. 

6. Apical system, magnified. 

7. Actinal system, magnified. 

10. Part of a phyllodc, magnified. 

11. EcHiNOLAMfAs Wvnnei, Duncan and Sladen (page 03). Abactinal view. 

12. Actinal view. 
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PLATE X. 



(Mioctne Srriet.) 

arc 1. Breykia carinata, d'Arcbiac and Hainic (page 66). Abactinal ■ 

2. Posterior view, slightly magnified. 

3. Abactinal ripw of a large specimen. 

4. Apical syvteni, magnified. 

5. C lype abte r depressus, Soworby (page 58). Abactinal yicw. 

6. Poriferous tone, magnified. 

7. Actinal view. 

8. Longitudinal section. 

9. Large specimen, showing needle-pillars between the roof and base of the test. 
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PLATE XI. 



( Xummiilitic and Miocene Series.) 

Figure I. Hemiaster carinatcs, Duncan and Sladen (page 3j). The test, from the side. 

2. Abactinal view. 

3. Actiual view. 

4. Tubercle on actiual surface, magnified. 

5. Trobchelia TUBKRCitLATA, Duncan and Sladen (page (!"). Part of the aprral system, 

showing the diminished size of the pairs of pores, magnified . 

6. Ahaciimoplci'RCs rkticui-atcs, Duncan and Sladen, variety (page II). Part of 

an intcrambulacrum aud poriferous zone, inaguified. [Xummutitic form.) 

7. TEMNECHiscaRocssEAtri.d'Archiacand Haime.sp. (page 57). The test, natural sire. 

8. Apical system, magnified. 

9. Part of an iuterradium and a poriferous zone, magnified. 
10. Part of an ambulacrum (worn), magnified. 

1 J . Part of a perfect ambulacrum, magnified. 
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PLATE XII. 



(Oligocene and Miocene Series.) 

ure 1. Cuslopleurus Forbesi, d'Archiac (page 53). Apical system, magnified. 
2. Etr»PATANcju» avkinu, Duncan and Sladen (page -US). Abactinal view. 
:>. Kusfatanois l-ATELLABiu, d'Arcbiae (page 70). Aetinal view. 

4. Odd ambulacrum, magnified. 

5. Fasciole, magnified. 

(>. Kchisolahpas spiieroidalis, d'Arcbiae (page til). Abactiual view. 

7. Ecuinooimus Desori, Duncan and Sladen (page GO). Abnctinal view. 

8. Aetinal view. 

0. Lunulc, maguitied. 
10. Peristome, part of, magnified. 

1L Clypeaster Sowebbyi, Duncan and Sladen (page 40). Abactinal view. 

It. Carter:, Duncan and Sladen (page 10). Abactinal view . 

1.1. Waaokni, Duncan aud Sladen (page 58). Abactinal view. 

1-1. (Ioirensib, Duncan and Sladen (page 59). Abactinal view. 

15. Faloriexsih, Duncan and Sladen (page 50). Abactinal view. 

16. OoiKKMUj Duncan and Sladen (page 59). Knd of petal, magnified. 
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rLATE XIII. 



{Miocene of Kattywar.) 

Figure 1. Cidakis Dip«r.iSA, Duncan and Sladen (page 80). The test, natural site. 

2. Ambulacral plate*, magnified. 

3. Diagram across an ambulacra] plate. 

4. Cidakis granulata, Duncan and Sladen (page 80). The test, natural aue. 

5. Ambulacral plates, magnified. 

6. A coronal interradial plate, showing the radial granulation and the marking* on 

the boss and partial crcnulatiou. 

7. Gram m echinus Kn.ri.ARis, Duncan and Sladen (page 82). The actinal view, 

natural size. 

8. Ambulacral and coronal plate*, magnified. 

9. Temnecuinus costatus, d'Arehiac, sp. (page 84). A large specimen, tide view. 

10. An ambulacrum and part of an interradium, magnified. 

11. Temnechincs ArriNis, Duncan and Sladen (page 86). The test, natural size. 

12. An ambulacrum aud part of an interradium, magnified. 

13. Temnechinus Uoubskaui, d'Arehiac (page 84). A large specimen, diagram of side 

outline. 

14. A depressed type, side view. 

15. An interradial" plate, showing unusual tuberculation aud crcnulatiou. 

10. Tem n sen i n us tuberculosa, d'Arehiac (page 85). Ambulacrum and part of 

interradium, magnified. 
17. Diagram of shape, natural size. 
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